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ABSTRACT 
J 
((Abstract) 
Poison ing , a common mode of su ic ide , has been 
known s ince antiquity. The choice of agents used for 
po i son ing depends not only on the avai labi l i ty , cost and 
harmful effects of the poison but aUo has an impor tant 
reg iona l cons idera t ion . Aluminium phosph ide (AIP) , a 
po ten t pes t i c ide , has emerged as a leading agent for 
su ic ida l poisoning . In Nor thern and Centra l India it is 
widely used as grain p rese rva t ive because of i ts easy 
ava i lab i l i ty , low cost and lethal effect. It is marketed in 
Incdfa as t ab le t s (Celphos and Quickphos ) . I ts effects are 
due to l ibera t ion of phosphine (PH,) gas , which is toxic 
to pes t s , insects and rodents after fumigat ion. The non 
tox ic r e s idues left in the grain are the phosphide and 
hypophosph ide of almunium. The g ra ins are fumigated by 
p lac ing tab le t s conta ining AIP in the brain and seal ing 
the ho lds . Mois ture in the con ta iner r eac t s wi th AIP to 
re lease phosphine gas , which has been shown to block 
the resp i ra to ry chain by inhib i t ing cy tochrome oxides 
(Chefurka et al . , 1976). It has been shown by Price et 
al . , (1982) that phosphine inhibi ts the haem conta in ing 
enzyme catalase, which reduces hydrogen proxide to 
water & oxygen. This enzyme is important in the 
protection of the cell from injury by free radicals. Thus 
phosphine toxicity would be expected to lead to an 
excess of the highly reactive oxygen free radicals. Free 
radicals are a highly reactive species which owe their 
unusal chemical reactivity to the presence of an unpaired 
electron in the outer orbital of the respective atom or 
molecule. The central role of free radical mediated 
cellular injury in various toxicological processes is now 
well established. 
Brain is the most susceptible and vulnerable organ 
of the body, and hence attacking the nervous system is 
the easiest and surest way of chemically upsetting the 
body metabolism. It is also one of the most lipid rich 
regions of the body. Lipid peroxidation is an important 
l ipid-chain degradation process . Nucleic acids and 
prote ins are also important cons t i tuen t s of brain. 
Sulfhydryl groups and enzymes glutathione-s-transferase 
(GST) and superoxide dismutase (SOD) are related to the 
detoxification process against the toxicants. 
(ii) 
Cons ide r ing this great need, we conduc t ed study on 
AIP p o i s o n i n g in d i f f e r e n t r e g i o n s o f b r a i n . In 
c h o l i n e r g i c s y s t e m , O F B , l i p i d m e t a b o l i s m , l i p i d 
p e r o x i d a t i o n , s u l f h y d r y l g r o u p s , S O D , c e l l u l a r 
componen t s (DNA, RNA & Pro te in) of a lb ino rat brain 
Also p ro tec t ive effects of an t i ox idan t , v i tamin E (a-
tocophero l ) on the adverse effects of AIP, were s tudied. 
Open field behaviour (OFB) was s tud ied following 
the method descr ibed by Ali et a l . , ( 1 9 8 0 ) . Enzyme 
AChE was assayed by the method of El lman (1961) . 
Total l i p i d s & cho le s t e ro l w e r e e s t i m a t e d by the 
p rocedures of Woodman and pr ice ( 1 9 7 2 ) , and Zlat is 
(1954) respect ive ly . Sulfhydryl g roups were es t imated by 
the method of Sedlak and Lindsay (1968 ) . Rate of lipid 
pe rox ida t ion (LPO) and lipid h y d r o p e r o x i d a t i o n (LHPO) 
was de t e rmined by the method of Okhawa et al. (1979) 
and H a l d e b r a n d t and R o o t s ( 1 9 7 5 ) , r e s p e c t i v e l y . 
Ac t iv i t i e s of GST and SOD w e r e s t u d i e d by the 
me thods of Habid et al. (1975) and Mark lund and 
Mark lund ( 1 9 7 4 ) , r espec t ive ly . Ce l lu la r c o m p o n e n t s 
DNA, RNA and proetin were es t imated following the 
methods of Burton (1956) , Dische (1955) and Lowry et 
( i i i ) 
al. (1951), respectively. GSH, GR, GSHPX, GSSG were 
also determined. Significant findings of the present 
study are summarized as follows : 
1. AIP (10 mg/kg.b;wt.,2ml/kg. b.wt for 7 
days), given by gavage was found to produce the 
undermentioned observations. 
a. A gradual daily depletion was noticed in the OFB 
parameters, i.e. ambulation, rearing and preening. 
b. Lipid contents were found to diminish in various 
CNS regions. Total lipids and cholesterol are found 
to decrease in various regions of brain and spinal 
cord. 
c. Rate of LPO and LHPO were also enhanced 
considerably in vnous regions of the CNS. • 
d. Total sulfhydryl groups (T-SH) were found to 
decrease significantly in vrious regions of brain and 
spinal cord. Cerebellum showed higher depletion in 
T-SH followed by brain stem. 
e. Free sulfhydryl groups, (Glutathione reduced 
GSH) was also depleted in all the regions of CNS. 
(iv) 
Maximum depletion occurred in the cerebellum. 
Oxidized glutathione (GSSG) activity increment is 
observed in different regions of the rat brain. 
Again, cerebellum showed maximum increase. 
Activity of SOD also decreased in different part of 
the CNS with maximum depletion in brain stem. 
Glutathione reductase (GR) activity decreased in all 
the regions of brain and spinal cord. Maximum 
reduction is noticed in cerebellum. 
Activity of glutathione peroxidase (GSHPx) in 
different regions of the rat CNS is depleted with 
maximum decrease in brain stem. 
Significant inhibition of GST activity was observed 
in various regions of the brain and spinal cord. 
Cerebellum revealed maximum GST inhibition. 
The MAO activity increased in vrious regions of 
the brain and spinal cord. Brain stem showed 
maximum increment while minimum increase was 
observed in he spinal cord. 
(v) 
1. The level of DNA concentration was found to 
decrease significantly in different regions the CNS. 
Maximum depletion was observed in the cerebellum. 
m. The concentration of RNA in all the regions of 
brain and spinal cord increased with the m.axium 
increment discernible in the cerebellum. 
n. The levels of protein were found depleted in 
different regions of the CNS. Most significant 
d iminut ion of p ro t e in s was observed in the 
cerebrum. 
o. The AChE activity was inhibited in various parts 
of the brain and spinal cord with the maximum 
depletionwas observed in the spinal cord. 
2. Remarkable protection by a-Tocopherol (Vitamin E) 
a d m i n i s t e r e d (150 I U / K g . b . w t . , o ra l ly ) 
s imul taneous ly with AIP solution was observed 
against AlP-induced adverse effects on OFB, LPO, 
LHPO, GSH, GSSG, GPx, SOD, GST & MAO 
activities in differetn regions of the brain and 
spinal cord of rat. 
(vi) 
r Cerebral 
hemisphere 
r Brain stem 
r Spinal cord 
Dissection of di ff erent parts of the rat 
CNS (McEwen and Pratt 1970.). 
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ABSTRACT 
* • * 
(Abstract] 
Poisoning, a common mode of suicide, has been 
known since antiquity. The choice of agents used for 
poisoning depends not only on the availability, cost and 
harmful effects of the poison but alsft has an important 
regional consideration. Aluminium phosphide (AIP), a 
potent pesticide, has emerged as a leading agent for 
suicidal poisoning. In Northern and Central India it is 
widely used as grain preservative because of its easy 
availability, low cost and lethal effect. It is marketed in 
Incd/a as tablets (Celphos and Quickphos). Its effects are 
due to liberation of phosphine (PH^) gas, which is toxic 
to pests, insects and rodents after fumigation. The non 
toxic residues left in the grain are the phosphide and 
hypophosphide of almunium. The grains are fumigated by 
placing tablets containing AIP in the brain and sealing 
the holds. Moisture in the container reacts with AIP to 
release phosphine gas, which has been shown to block 
the respiratory chain by inhibiting cytochrome oxides 
(Chefurka et al., 1976). It has been shown by Price et 
al.. (1982) that phosphine inhibits the haem containing 
enzyme catalase. which reduces hydrogen proxide to 
water & oxygen. This enzyme is important in the 
protection of the cell from injury by free radicals. Thus 
phosphine toxicity would be expected to lead to an 
excess of the highly reactive oxygen free radicals. Free 
radicals are a highly reactive species which owe their 
unusal chemical reactivity to the presence of an unpaired 
electron in the outer orbital of the respective atom or 
molecule. The central role of free radical mediated 
cellular injury in various toxicological processes is now 
well established. 
Brain is the most susceptible and vulnerable organ 
of the body, and hence attacking the nervous system is 
the easiest and surest way of chemically upsetting the 
body metabolism. It is also one of the most lipid rich 
regions of the body. Lipid peroxidation is an important 
l ipid-chain degradation process . Nucleic acids and 
pro te ins are also important cons t i tuents of brain. 
Sulfhydryl groups and enzymes glutathione-s-transferase 
(GST) and superoxide dismutase (SOD) are related to the 
detoxification process against the toxicants. 
(ii) 
Cons ide r ing this grea t need , we conducted study on 
A I P p o i s o n i n g in d i f f e r e n t r e g i o n s of b r a i n . In 
c h o l i n e r g i c s y s t e m , O F B , l i p i d m e t a b o l i s m , l i p i d 
p e r o x i d a t i o n , s u l f h y d r y l g r o u p s , S O D , c e l l u l a r 
componen t s (DNA, RNA & Pro te in ) of albino rat brainvJe-xe 
Also p ro tec t ive effects of a n t i o x i d a n t , vi tamin E (a-
tocophe ro l ) on the adverse ef fects of AIP, were s tudied . 
Open field behaviour (OFB) was s tudied fol lowing 
the method descr ibed by Ali et a l . , (1980) . Enzyme 
AChE was assayed by the me thod of Ellman (1961) . 
Total l i p i d s & c h o l e s t e r o l w e r e e s t i m a t e d by the 
p rocedures of Woodman and p r ice ( 1 9 7 2 ) , and Zlat is 
(1954) respect ive ly . Sulfhydryl g roups were es t imated by 
the method of Sedlak and L indsay (1968) . Rate of l ipid 
pe rox ida t ion (LPO) and l ipid h y d r o p e r o x i d a t i o n (LHPO) 
was de t e rmined by the me thod of Okhawa et al. (1979) 
and H a l d e b r a n d t and R o o t s ( 1 9 7 5 ) , r e s p e c t i v e l y . 
Ac t iv i t i e s of GST and SOD w e r e s t u d i e d by t h e 
me thods of Habia et al. ( 1 9 7 5 ) and Marklund and 
Mark lund ( 1 9 7 4 ) , r e s p e c t i v e l y . Ce l lu l a r c o m p o n e n t s 
DNA, RNA and proet in were e s t ima ted fol lowing the 
me thods of Bur ton (1956) , D i sche (1955) and Lowry et 
(iii) 
al. (1951), respectively. GSH, GR, GSHPX, GSSG were 
also determined. Significant findings of the present 
study are summarized as follows : 
1. AIP : (10 mg/kg.b.wt.,2ml/kg. b.wt for 7 
days), given by gavage was found to produce the 
undermentioned observations. 
a A gradual daily depletion was noticed in the OFB 
parameters, i.e. ambulation, rearing and preening. 
b. Lipid contents were found to diminish in various 
CNS regions. Total lipids and cholesterol are found 
to decrease in various regions of brain and spinal 
cord. 
c. Rate of LPO and LHPO were also enhanced 
considerably in vrious regions of the CNS. • 
d. Total sulfhydryl groups (T-SH) were found to 
decrease significantly in vrious regions of brain and 
spinal cord. Cerebellum showed higher depletion in 
T-SH followed by brain stem. 
e. Free sulfhydryl groups, (Glutathione reduced : 
GSH) was also depleted in all the regions of CNS. 
( iv) 
Maximum depletion occurred in the cerebellum. 
Oxidized glutathione (GSSG) activity increment is 
observed in different regions of the rat brain. 
Again, cerebellum showed maximum increase. 
Activity of SOD also decreased in different part of 
the CNS with maximum depletion in brain stem. 
Glutathione reductase (GR) activity decreased in all 
the regions of brain and spinal cord. Maximum 
reduction is noticed in cerebellum. 
Activity of glutathione peroxidase (GSHPx) in 
different regions of the rat CNS is depleted with 
maximum decrease in brain stem. 
Significant inhibition of GST activity was observed 
in various regions of the brain and spinal cord. 
Cerebellum revealed maximum GST inhibition. 
The MAO activity increased in vrious regions of 
the brain and spinal cord. Brain stem showed 
maximum increment while minimum increase was 
observed in he spinal cord. 
(v) 
1. The level of DNA concentration was found to 
decrease significantly in different regions the CNS. 
Maximum depletion was observed in the cerebellum. 
m The concentration of RNA in all the regions of 
brain and spinal cord increased with the m.axium 
increment discernible in the cerebellum. 
n. The levels of protein were found depleted in 
different regions of the CNS. Most significant 
d iminut ion of p ro te ins was obse rved in the 
cerebrum. 
o. The AChE activity was inhibited in various parts 
of the brain and spinal cord with the maximum 
depletionwas observed in the spinal cord. 
2. Remarkable protection by a-Tocopherol (Vitamin E) 
a d m i n i s t e r e d (150 I U / K g . b . w t . , o r a l l y ) 
s imul taneously with AIP solution was observed 
against AlP-induced adverse effects on OFB, LPO, 
LHPO, GSH, GSSG, GPx, SOD, GST & MAO 
activities in differetn regions of the brain and 
spinal cord of rat. 
(vi) 
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2.1 Poison and Poisoning: Historical Back Ground: 
Poisons and poisonous substances that played a 
dominant role in the affairs of mankind, producing 
serious injury or death, have been documented from the 
times of ancient Egyption magicians, physicians and 
priests. These a.*a first documented recognition of the 
existance of these poisons. The medical records of 
ancient Egypt include a practicing physician's formullary 
containing about 260 prescriptions, some of which are 
for var ious kinds of animal s t ings , including the 
posionous puffer fish. The Bible and Talmudic records 
document the toxic effects of dinoflagelates (a group of 
algae). Other records list some 760 medicinal plants and 
mention venomous animals and antidotes for bites and 
stings, and charms against snake poison (Halstead B.W., 
1978). 
In ancient China, toxicology was a comparatively 
well developed science. The atreiient Greeks were 
probably the first to dissociate medicine from magic. 
Hippocrates, while injroducing rational medicine 
desc r ibed a number of po isons . M i t h r a d a t e s VU king of 
Pon tus in the 2nd centruy B.C. , is said to have been one 
of the first to study in tens ively the art of poisoning and 
the p repa ra t ion of ant idotes to po i sons . 
Dur ing the middle ages , po i son ing became a very 
popu la r way to deal ing wi th pe r sona l and poli t ical 
p r o b l e m s . Individuals skil led in the art of poisoning 
ga ined notor ie ty and in some c a s e s , great financial 
r eward . The French phys ic ian , J acques Grevin published 
his book DEUX LIVERS DES VENINS in 1568. In 1702, 
t h e B r i t i s h phys i c i an R o b e r t M e a d publishe.d his 
" M e c h a n i c a l t a c o n i t e of p o i s o n s " . I m p o r t a n t 
tox ico log ica l contr ibut ion of the French physic ian M.I.B. 
Orif i la ( 1 7 8 7 - 1 8 5 3 ) , who hasoqurred the name o$ father 
o f m o d e r n e x p e r i m e n t a l t o x i c o l o g y . H i s T r a i t e 
De tox i co log i e first publ ished in 1814, went through 
many ed i t ions and t rans la t ions . 
E x p e r i m e n t a l r e s e a r c h b a s e d on soph i s t i c a t ed 
ana ly t i c a l p rocedures a c c e l e r a t e d in the early 20th 
c e n t u r y . D u r i n g World War I I , e n v i r o n m e n t a l and 
b io logica l poisons become medica l ly impor tan t in many 
m i l i t a r y o p e r a t i o n s . A r a p i d l y e x p a n d i n g wor ld 
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popula t ion in the Post War Years has inc reased the use 
of var ious p e s t i c i d e s in a con t inu ing effort to feed the 
mi l ions . This has i nc r ea sed the r i sks of toxic i ty , both 
i n t e n t i o n a l a n d a c c i d e n t a l , e s p e c i a l l y in t h e 
underdeve loped coun t r i e s like ours , where i l l i teracy, 
poverty and lack of infra s t ruc tura l faci l i t ies combine to 
take a heavy toll . 
2.2 Aluminium phosph ide : Nature of poison 
Aluminum p h o s p h i d e ( A I P j Ce lphos , Quickphos , 
Alphos , e t c . ) , is a solid fumigant . A1P is commercia l ly 
avai label as solid pe l l e t s , each of 3 .0g, in air sealed 
metal tubes . 
I n g r e d i e n t of pe l l e t s :-
i. 56% .;PH5(Active ingred ien t ) 
ii . 44% Ammonium carbona te 
On contac t wi th mois tu re or hydroch lo r i c acid , the 
pel le ts rapidly re lease phosphine (PH3) gas which is the 
act ive agent , as well as C 0 2 and NH3 . Each 3-0g pellet 
of AIP can l ibera te 1.0 g of P H r The human toxici ty 
is due to inhala t ion of phosphine from the fumigated 
3 
grain or after ingestion of AIP. 
AIP + 3H20 -* AI (OH)3 + PH, 
AIP + 3HC1 -> A1C1, + PH3 
c 
2.3 Physi(o-Chemical Properties of AIP: 
Common Name Quickphos (Celphos) 
Chemical name Aluminum phosphide 
Active Ingredient Phosphine 
Structural formmula AIP (Al^P) 
Molecular Weight 57.00 
2.4 Properties of Phosphine (PH3) 
Structure Formula P 
/l\ 
H H H 
Molecular Weight 34.00 
Solubility Soluble in water and 
inorganic solvents 
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2.5 Lethal Dose of PH3 
The lethal dose for 70 kg human being is 150-500 
mg de termined recen t ly in most cases of acute 
intoxication reported. Phosphine is dangerous to human 
life at a concentration between 400-600 ppm. At 1000 
ppm, it is rapidly lethal (WHO, 1988). 
A dose of less than 0.5 g of A1P has been reported 
to be lethal for an adult individual (Gosseline et al. 
1984). However, other authors have quoted doses as low 
as 0 .01. g (Sidney, 1980). 
2.6. Aluminium Phosphide Poisoning in Humans : 
The tst reported case of toxicity due to Alp 
ingestion was by Zipf et al., (1967). Prior to this , 
toxicity due to inhalation of PH3 has been reported. 
Gessner (1937) reported 12 cases of illness begining 
with nausea and including one death in a house adjacent 
to a warehouse in which bags of A1P were stored. As 
recently as 1980, ' 3 1 crew members abroad a 
f re ighter carrying fumigated grain , after inhal ing 
phosphinej«one child VVOLS; died (Wilson et al. 1980). 
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In India, the 1st case of AlP toxicity was reported 
in 1981, and since then it has assumed epidemic 
proportions in the entire wheat belt of North India (Bajaj 
and Wasir, 1988). This is clearly the case in Haryana 
(Siwach et al., 1988), Chandigarh (Singh et al., J985), 
Western U.P. (Ram et al., 1988), M P . (Caha et al., 1988) 
and Rajasthan (Saraswat et al., 1985). 
The t rue m a g n i t u d e of the p rob lem is not 
completely known. Many deaths from AlP poisoning 
occur before the vict im can be hospi ta l ized , and 
practically no reports are available from non-teaching 
h o s p i t a l s , p e r i p h e r a l hea l th cen t r e s and p r iva te 
practi t ioners. Even teaching hospitals provide mope 
reports. It is estimated that less than 10-15 % of 
pat ients reaching a medical college hospi ta l have 
actually been reported, and these in turn form only about 
5% of the total victims (Bajaj & Wasir 1990). Even in 
1988, it had been suggested that the number of deaths, 
exceeded the number of reported casualties in the Bhopal 
gas tragedy (Kobra and Narayanan ,1988). During Iran 
and Iraq War, in 1985, the dangerous biological bombs 
used by Iraq released PH3 gas. It is clear that AlP 
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ingestion is now the single most frequent mode of 
suicide. 
The poison is usually taken by young adults, mostly 
teenagers by suicidal intent or occasionally by accident. 
2.7 Clinical Manifestations of AIP Toxicity: Sign 
and Symptoms 
The sign, and symptoms of AIP toxicity depend on 
the dose and severity of poisoning. Mild poisoning 
mani fes t s as epigas t r ic burning and nausea , with 
tachycardia and atrial ectopy. Patients with moderate to 
severe toxicity wm&fc&uLwith vomiting and epigastric 
burning and are usually in cardiovascular shock with 
thready pulse, cold extremities and rest lessness (Bajaj 
et al., 1988). 
Phosphine is a systemic poison and it affects the 
ca rd iovascu la r , gas t ro in tes t ina l , r ena l , respira tory, 
central nervous system and hepatobiliary system . 
Feature of above systems 
Cardiovascular : The heart is involed in nearly 50% of 
cases. 
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(i) Elevation of serum levels of cardiac enzyme CPK-
MB and LHD (Bajaj et al., 1988). 
(i i) Hypokines ia of the left ventr ic le , with dec reased 
e j e c t i o n f r a c t i o n in t h e f i r s t 4 d a y s , 
h y p o m a g n e s e m i a (Mg d e p l e t i o n ) . Bajaj et a l . , 
1988). 
( l i i ) H i s topa tho log i ca l s tudies of myoca rd i a l t i s sues 
show myocar'cftfsis and inflammatory cel ls (Siwach 
et al . , 1988). 
(iv) ECG changes comprise ST-T changes (e leva t ion / 
depress ion , cav ing) . Circulat ion, d i s t u r b a n c e s Sino-
Attial , a t r io -ven t r icu la r , bundle branch b locks and 
r h y t h m d i s t u r b a n c e s ( v e n t r i c u l a r and 
superven t r i cu la r ) [Katira et al. 1990] as well as 
atr ial infarct ion (Jain et al. . 1985). 
R e s p i r a t o r y : Adult respiratory d is t ress syndrome has 
been repor ted in severe cases cough, dyspnoea and 
cyanosis (Chough et al . , 1988). 
Renal : Renal failure alongwith hepat i t i s and b leeding 
d ia thes is has been reported (Gupta et a l . , 1990). 
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H e p a t o b i l i a r y : Jaundice and hepa t i t i s . 
C N S : Inhaled phosphine is absorbed through the lungs 
and reaches the ne rvous sys tem, and l iver thereby 
p roduc ing neurological and hepa t ic symptoms (Childs 
and C h o a t e s , 1971) . S y m p t o m s such as h e a d a c h e , 
d i z z i n e s s , a l tered menta l s t a t e , r e s t l e s s n e s s wi thout 
a l t e ra t ion in conc iousness , convuls ions , acute hypotoxic 
encepha lopa thy and coma, follow soon. 
G a s t r o i n t e s t i n a l : Common f indings <xnrk - nausea , 
vomi t ing , diarrhea etc. 
2.8 Detec t ion of the Po i son 
Phosphine poisoning may be detected by means of 
a s imple test using filter paper impregnated with fresh 
s i lver ni t ra te (0.1 M) solut ion (Mit ta l et a l . , 1992). The 
tes t is performed with the help of gast ic a sp i ra te . The 
A g N 0 3 paper test is based on the capaci ty of PH3 to 
r educe A g N 0 3 which gives a black p rec ip i t a t e . 
PH3 +8 A g N 0 3 + 4 H 2 0 > 8 Ag + H 3 P0 4 + 8 H N 0 3 
Black 
The senstivi ty of th is test is high and it affords a 
ready means of confirming poisoning by AlP, especial ly 
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when the h is tory is not for thcoming. 
2.9 Mechan i sm of Act ion of P h o s p h i n e ; 
The m e c h a n i s m of act ion of PH., is not well 
unders tood . The le thal p roper t i e s of A1P are due ent i rely 
to the l ibe ra t ion of PH3 . The mode of ac t ion of PH3 has 
been s tudied in n u m e r o u s animal mode l s . , V.-
--• - ' --> r .... V . : \ It has been shown 
by var ious i n v e s t i g a t o r s to act on the r e sp i r a to ry chain. 
. PRj~ v ., > l ibe ra ted^dur ing the oxidat ion 
of fatty ac ids and amino acids and near ly all of that 
r e l eased from the ox ida t ion of c a r b o h y d r a t e s is made 
a v a i l a b l e w i t h i n t h e m i t o c h o n d r i a a s r e d u c i n g 
equiva len ts (-H or e lec t ron) . Mi tochondr ia conta in the 
ser ies of ca t a lys t s known as the r e sp i r a to ry chain that 
collect and t r anspo r t reducing equ iva len t s and direct 
them to the i r final reac t ion with oxegen to form water. 
L i p o a t e — > N A D H > N A D H - Q - r e d u c t a s e — > Q — > C y t 
reductase >Cyt C > Cyt Ox idase > 0 2 
( C o m p o n e n t s o f t h e r e s p i r a t o r y c h a i n in 
mi tochondr ia ) 
10 
Cyt : Cytochrome ; Q : Ubiquinone 
The te rmina l cyt . is r e spons ib le for the final 
combina t ion of r e d u c i n g equ iva len t s with molecular 
oxygen . This is the only i r revers ib le react ion in the 
r e sp i r a to ry chain, and g ives di rect ion to the movement 
of r educ ing equiva len ts in the respira tory chain , and to 
the product ion of ATP. 
Oxidat ion and phosphory la t ion are t ightly coupled. 
N a k a k i t a et al. (1971) ca r r i ed out in vitro s tudies in rat 
l iver mi tochondr ia showed phosphine to be potent 
inh ib i to r of ADP and Ion - s t imulated 
r e sp i ra t ion . However , no a t tempt was made to identify 
the ta rget site (Nakak i t a et al . , 1971). Chefurka et al. 
( 1 9 7 6 ) i n v e s t i g a t e d t h e b a s i s of the r e s p i r a t o r y 
inh ib i t ion of phosph ine in mi tochondr ia from mouse liver 
and housfly flight musc les . Their conclusion was . that 
phosph ine is an inh ib i to r of s tate 3 and 4 resp i ra tory 
ac t iv i ty by vir tue of i ts direct inhibit ion of electron 
t r anspor t due to in te rac t ion with cytochrome oxfdase. 
The inhibi t ion k ine t i c s suggested non compet i t ive 
inhibi t ion of this s i t e ; ox ida t ive phosphorylat ion was not 
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affec ted . Chefurka et al (1976) . Studied the na ture of the 
i n t e r a c t i o n be tween phosph ine and purif ied cytochrome 
o x i d a s e by a b s o r p t i o n s p e c t r o m e t r y and c i r c u l a r 
d i ch ro i sm and noted a comformat ional change in the 
haem moiety of cy tochrome ox idase . They concluded that 
cyt . was the major si te of ac t ion of phosphine (Khashi 
and Chefurka, 1976). In the event of inhibi t ion of 
cy toch rome ox idase , oxygen undergoes an a l ternat ive 
p a t h w a y of reduct ion re su l t ing in formation of free 
r a d i c a l s . (Fr idovich , 1978b) . 
Pr ice (1980) s tudied the inhibi t ion of cytochrome 
C-ox idase by phosphine in vi t ro in both suscept ib le and 
r e s i s t a n t strainsof R. dominica but found l i t t le inhibi t ion 
of cytochrome ox idase . The toxici ty of phosphine to 
i n s e c t s is oxygen dependen t (Bond et al . , 1967). In the 
a b s e n c e of oxygen, phojphine is vir tually nontox ic and is 
not absorbed to any apprec i ab le extent . Pr ice et al. 
( 1 9 8 2 ) and Price and Dance (1983) sugges ted that this 
may be due to the effect of phosphine on the haem 
con ta in ing enzyme ca ta lase . Cata lase is an enzyme which 
r educes hydrogen perox ide to water in the body; it is 
s u g g e s t e d that it a l so p l a y s a vital ro le in the 
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detoxification of free oxygen radicals (Master and 
Holmes, 1976). Bolter and Chefurka (1989) observed 
that phosphine reduces cytochrome C-oxidase but none 
of the other cytochromes in the electron transport chain. 
Thus whether by inhibition of cytochrome oxidase 
or of catalase, phosphine toxicity would be expecte to 
lead to over production of free oxygen radicals. 
2.10 F r e e Rad i ca l s : 
Electrons in the atoms are present in orbitals, each 
of which can hold a maximum of two electrons, spinning 
in opposite direction. A free radical is defined as any 
atom or group of atoms, or molecule capable of 
independent existance in a particular state with one or 
more unpaired electrons in the outer orbital. These are 
a highly unstable and reactive species (Del Maestro, 
1980). Free radical reactivity is accounted for by the 
strong tendency of the unpaired electron to interact with 
other electrons to form an electron', pair and thus a 
chemical bond. Free radicals tend to give rise to chain 
reactions, which may be conveniently divided into three 
stages (1) Initiation (ii) propagation (iii) termination. 
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i. In i t ia t ion reaction by which the free radicals are 
formed (Pryor, 1966). 
ii . Propagat ion react ion in which the free radical 
chain t ransfer react ion. 
i i i . Terminat ion react ions resu l t ing in removal of free 
r ad ica l s from the propaga t ion pool . 
The presence of an unpai red s ingle electron in its 
o u t e r o r b i t a l is c o n v e n t i o n a l l y r e p r e s e n t e d by a 
superscript dot, R. 
2.11 O x y g e n Free R a d i c a l s : 
Molecular oxygen in i ts ground s ta te is a bi radical 
p o s s e s s i n g two unpaired e lec t rons in i ts outer orbi tal 
wi th paral le l electron spin (Tabue, 1965; Ogryzlo , 1978). 
Th is a r rangement prevents the d i rec t addi t ion of a pair 
of e l ec t rons (which would have one paral le l and one 
a n t i p a r a l l e l spin) to the mo lecu le n e c e s s i t a t i n g an 
e lec t ron spin inversion before an oxida t ion react ion is 
poss ib le . The spin inversion is a slow process compared 
to the l i fe- t ime of collisional complexes ^ r e l a t i v e l y weak 
ox idan t (Toube, 1965)^ the res t r i c t ion in the oxidis ing 
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when it under goes univalent e lectron reduct ion along 
with e lec t ron spin invers ion , resul ts . in the formation 
of 
of toxic in t e rmed ia t e s ! the free oxygen rad ica l s . 
D u r i n g o x i d a t i v e p h o s p h o r y l a t i o n , t h e 
mi tochondr ia l cy tochrome oxidase enzyme system links 
p r o d u c t i o n of adenos ine t r i p h o s p h a t e to contro l l -ed 
t e t r ava len t reduct ion of molecular oxygen ( 0 2 ) to water 
(An ton im. et al. 1979). In this p rocess , the partially 
reduced oxyen free radical in te rmedia tes remain lighlty 
bound to the act ive si tes of the enzyme and pose no 
threa t to the cel ls . 
However , in the presence of in te rce l lu la r oxygen, 
this reduct ion of oxcygen is frequently incomple te and 
the univa len t reduct ion pathway p redomina te s over the 
t e t r a v a l e n t p a t h w a y l e a d i n g to t h e i n a d v e r t o m t 
p r o d u c t i o n of t ox ic i n t e r m e d i a t e s o x y g e n spec i e s , 
Superoxide anion radial (O ' ) , hydroxyl radical ( O H ) and 
l u d r o g e n peroxide (H 2 0 2 ) . 
e" e- + 2H+ e" + 2H+ e"+2H+ 
O , >0" >H,0,--= > H , 0 > 
2 2 2
 Q 
e" + 2H+ 
OH" -. >H O 
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2.12 Biological Sources of Free Radicals: 
Many enzymes in the body produce univalent 
production of molecular oxygen leading to the formation 
of toxic free radicals. In addi t ion, these reactive 
metabol i tes may arise form the action of various 
environmental agents. Possible sources of free radicals 
are indicated in the following table (Sinclair et al. 
1991). 
Source Mechanism Example 
Cellular Oxyhaemoglobin 
metabolism Enzymic activity NADPH oxide 
Arachidonic. Acid Xanthine oxidase 
metabolism and PG 
synthesis. 
Mitochondrial electron 
transport Auto- Endoplasmic 
oxidation reticular oxidation 
Environmental Catecholamines 
Reduced 
Riboflavin 
Meluminthiols 
Flavin derivatives 
Drugs. Paracetamol, 
Pesticides Halothane 
Tobacco smoke Paraquat etc. 
Radiation 
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2.13 B i o l o g i c a l C o n s e q u e n c e s of Free Radica l 
Damage; 
Free rad ica ls mediate injury at several sites 
including cell membrane lipids, the sulfhydryl group of 
protein and nucleotides of DNA (Llebanoff, 1988; Slater, 
1984; Inlay and Linn, 1988; Dormandy, 1988). This 
injury occures through several mechan i sms . (Del 
Maestro, 1980). 
i. Peroxidation of polyusaturated fatty acids and the 
s u b s e q u e n t d i s rup t ion of cell and organe l le 
membranes. 
ii. Lysosomal membrane disruption resulting in the 
autophagocytic vacuole formation. 
iii. Protein damage leading to fragmentation, cross 
linking and aggregations of proteins. 
iv. DNA degrada t ion resul t ing in muta t ions and 
potential neoplastic transformation. 
v. Membrane^ phospholipase activation leading to 
r e l e a s e of p r o s t a g l a n d i n s and va r ious 
endoperoxides. 
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vi. Noxious products of lipid peroxidation may be 
transferred by the circulation to distant sites where 
they may provoke further damage. 
2.14 Protective Mechanism Against Free Radical 
Damage: 
Normally, a small amount of free radicals is 
produced in the body with its attendant r isks of cell 
injury. The free radicals may decay spontaneously, but 
several cellular mechanisms exist for both enzymatic 
protection and non enzymatic antioxidant mediated 
protection. 
2.14.1 Enzymatic Protection: 
i. Superoxide Dismutase (SOD) 
This enzyme converts superoxide : anion (0~) to 
H : 0 2 
SOD 
° T + °f + 2H + > H202 + 0 2 
SOD increase the rate of intracellular dismutation 
of superoxide by a factor of 10g (Fridorich, 1978a). The, 
acceleration of this reaction ensures that no superoxide 
anion is availabe to react with H20 to form hydroxyl 
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radical through the metal catalysed Fenton reaction. The 
cells are capable of increasing the synthesis of SOD in 
response to hyperoxident stress (Firdorich, 1983). 
Two e n z y m e sys tems ex i s t to c a t a l y s e the 
breakdown of H 2 0 2 produced by the univalent reduction 
of superoxide anion (Roose et al., 1980; Chance et al.. 
1979). 
ii. Glutathione Peroxidase (GSHPx): 
At low concentrations, most of the H 2 0 2 is removed 
by reaction with reduced glutathione (GSH). GSHPX is 
a selenium dependent enzyme present mainly in the 
cytoplasm. It catalyzes the transfer of hydrogen from the 
sulfhydryl (-SH) to a hydroxyl radical or to H202 . 
20H" + GSH > 2H20 + GSSG 
(Oxidized glutathiane) 
H , 0 , + 2 GSH > 2H,O +GSSG 
The enzyme glutathion reductase (GR) catalyzes the 
regeneration of reduced glutathione (GSH) from GSSG 
by using NADPH formed by the hexose monophosphate 
shujt pathway. Glutathione is a key factor in the 
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detoxification of reactive oxygen intermediates and 
electrophflic metabolites (Curello et al., 1987). 
iii . Catalase : At high concentration of H202 , which 
is mainly present in the peroxisomes, catalase becomes 
important. 
catalase 
2H202 >0 2 + 2H 20 
2.14.2 N o n e z y m a t i c P r o t e c t i o n : Apa r t from 
enzymes, endogenous as well as exogeneus antioxidants 
may either block the initiation of free radicals or 
inactive them. 
2.15 a-Tocopherol (Vitamin E): 
About thirty years have passed since the existence 
of vitamin E was recognized. Alpha tocopherol the 
substance with highest known vitamin E activity was 
synthesised about twenty years back. The principal 
group of compounds having vitamin E activity are the 
tocopherols. The seven tocopherols ^ have been 
found to occur naturally. 
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The biopotencies of various tocopherols differ 
somewhat, depending on the assay criteria and animals 
used. a-Tocopherol has the greatest biological activity, 
however. This could be a reflection of its greater 
sus«ptibility c . .... for methylation. Such methylation 
will prevent side reactions and lower the oxidation-
reduction potential of hydroquinone-quinone system. The 
features of tocopherol chemistry that appear most salient 
to possible biological function are its lipid solubility and 
o x i d a t i o n p r o p e r t i e s . They play a p h y s i o l o g i c a l 
antioxidant role (potentiated by ubiquinone Q10) at the 
cellular level by counter act ing lipid peroxidaton 
increasing membrane phospholipids. Vitamin E acts as a 
H+ donor in Krebs Cycle, between the steps of flavin^ 
coenzymes (FMH and FAD) and the cytochrome system 
(Butturini, et al. 1955). 
The identification of vitamin E as a fat-soiuble 
vitamin, its occurence in vegetable oils, its storage in 
association with body lipids and its possible function as 
a biological antioxidant suggest that close relationship 
exists between vitamin E and various phases of lipid 
metabolism. When vitamin E is deficient or completely 
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lacking, there is uncoupling of phospholipids and 
proteins, necessary for formation of cell membrane. In 
studies in humans, the administration of tocopherol to 
healthy male subjects resulted in increase in plasma 
cholesterol values (Gray and Lon. 1958.) Grey (1959) 
found levels of phospholipids and cholesterol esters in 
livers of rats fed 100 mg a-tocopherol acetate daily 
when compared from unsupplemented, rats presumably 
due to inc reased hepat ic l ipid syn thes i s in the 
supplemented animals. 
After the poineering works of Kudrjashow (1937) 
and Davis and Moore (1941) an apprecialble number of 
sc ient is ts have been dealing with the relationship 
be tween vi tamin E and l ipid p e r o x i d a t i o n . The 
contribution of Tappel's laboratory has generally been 
recognized (Tappel, 1962, 1972, 1973). The increase in 
lipid peroxidation resulting from E-avitaminosis was 
proved beyond ques t ion . The ac t iva t ion of lipid 
peroxidation increases the requirement of vitamin E 
(Willing, 1970, 1972). Synthetic antioxidants prevent 
symptoms of E-avitaminosis, through not completely 
(Rods, 1967; Tappel, 1972). The toxic action of lipid 
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perox ida t ion products (Holman and Greenbe rg , 1958) is 
usua l ly inhib i ted by a -Tocophe ro l (Koka thu r et a l . , 
1966; Pr ive t t and Cor tes i , 1972). 
a -Tocophero l is a powerful chain b reak ing inhibi tor 
of l ip id peroxida t ion . Vitamin E ac ts in the l ipid phase 
to re fuse the lipid peroxy rad ica ls (Clavce , et al . , 1.979; 
Hal l iwel l and Gut te r idge , 1985). 
2 .16 F r e e R a d i c a l s in P o i s o n i n g : 
The central role of free r ad ica l s in tox ic i ty due to 
many chemica l s is es tabl ished. For example , the toxic i ty 
of the he rb ic ide paraquat is due to enzymat ic reduct ion 
to pa raqua t -py r id iny l cat ion rad ica l and i ts r eox ida t ion 
by hydroxyl redicals and by the Fenton and Heber -Weiss 
r e a c t i o n s (Osheroff, et al . , 1985) 
In A1P p o i s o n i n g , t h e i n h i b i t i o n of e i t h e r 
cy toch rome oxidase or ca ta lase would be expec ted to 
give r ise to an abundance of 0
 2 free r ad i ca l s , (Clough, 
et a l . , 1992). 
Al though abundant l i t e ra tu re is ava i lab le on the 
effects of A1P on different organ sys t ems , the neurotoxic 
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efec t of A1P on different r eg ions of brain has not been 
r e p o r t e d so far. 
2 . 1 7 T r e a t m e n t of AIP P o i s o n i n g : 
To da te , there is no known specific an t ido te for AIP 
p o i s o n i n g , t h e r e f o r e , the therapjutic par t is mos t ly 
r e s t r i c t e d t o w a r d s s y m p t o m a t i c t r e a t m e n t and 
m a i n t e n a n c e of v i ta ls . 
The manual of Indian s tandard code for safety for 
AIP poisoning sugges t s : 
i. Induct ion of vomi t ing by adminis t ra t ion of 0 .2% 
C u S 0 4 solut ion which ac ts as an emet ic and also 
forms insoluble cupr ic phosphide which can be 
taken out by gas t r i c l avage with 1:5000 K M N 0 4 
solut ion. 
ii . 25.0ml of milk of magnes ia or white bea ten of 2 
or 3 eggs should be g iven. 
iii . V a s o p r e s s o r s ( D o p a m i n e , n o r a d r e n a l i n e ) for 
ma in tenance of blood p ressure . 
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iv. Urinary pH is made alkaline by g iv ing sodium 
carobnate ( N a 2 C 0 3 ) 
v. Pulmonary oedema is t reated on s t andard l ines . 
Intran[sal oxygen , s te ro ids and hype r ton i c solut ion 
of g lucose may be given. 
\i Haemodia lya is may be required for renal shunjjdown 
which may be an outcome of shock syndrome due 
to direct t i s sue toxic i ty . 
In the p resen t s tudy, effect of <*t-Tocophrol (v i tamin 
E) was s tudied in different regions of rat b ra in . To date 
no repor t is ava i lab le on the an t iox idan t effect of 
vi taimin E on the t r ea tmen t of CNS toxic i ty due to A1P 
inhala t ion. 
2.18 The L i p i d s : 
L i p i d s a r e e s s e n t i a l c o m p o n e n t s of al l ce l l 
membranes and are involved in numerous b io logica l 
process they are also a major components of several 
cr i t ical enzyme s y s t e m s , inc lude a po ten t c l a s s of 
ho rmones , and are a lso impl ica ted in the ce l lu l a r 
t r a n s p o r t of s o m e c o m p o n e n t s ( S p e c t a t o r and 
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Brenneman , 1973). Tumors of cance r r equ i re l ipids so 
that membrane synthes is can p roceed at a s ignif icant 
r a t e to pe rmi t rapid growth . If the avai labi l i ty of l ip ids 
is suff ic ient ly reduced then the growth of tumor is also 
s lowed down (Spec ta tor and B r e n n e m a n , 1973). Lipids 
are the most concen t ra ted sou rce of energy to the 
o rgan i sm, they are s tored in a re la t ive ly water free s ta te 
in the t i s s u e s , in cont ras t to c a rbohyd ra t e s which w«ve 
heavi ly hydra ted . The lipid depots serve as a reservoir 
of energy, avai lable in t imes of r e s t r i c t ed nut r i t ion for 
the o p e r a t i o n of the n u m e r o u s endogen ic p rocesses 
e s s e n t i a l for m a i n t e n a n c e of l i fe . L i p i d s work as 
i n su l a to r s of heat . The s u b s c u t a n e o u s lipid depots also 
i n su l a t e aga ins t mechanica l t r auma (Whi te et al . , 1978). 
Lip ids are chemical ly t r i acy lg lycero l in human adipose 
t i s sue ( 9 9 % ) . 
The quan t i ty of body l ip ids is i nc reased by 
exces s ive nur t r i t ion , and converse ly , dur ing per iods of 
p ro longed fast ing the amount of body l ipid decreases . 
Fat ty ac ids are used by the body t i s sues as their prime 
energy source (Fr i tz , 1961) and d i rec t ev idence for the 
up take and ut i l izat ion of fatty ac ids from the circulatory 
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blood by individual o rgans and t i ssues in the fas t ing 
s t a t e has been ob ta ined (Sh ipp et al . , 1961 ; and Gousios 
et al . , 1963). Depot l ip id is cont inously be ing mobi l ized , 
new lipid is c o n t i n o u s l y be ing d e p o s i t e d , and the 
cons tancy of the quan t i ty of depot l ipid is the resul t of 
a relat ively p rec i se ad jus tmen t of the ra tes of these two 
p rocesses . Almost 10% of the fatty ac ids in the depot 
l ip id is replaced dai ly by new fatty ac ids in the body. 
2 .18 .1 Brain L i p i d s : 
"There is no other organ in the body that contians 
such a high proportion of lipids as the brain". 
Studies of l ip ids in the nervous system form an 
impor tan t part of n e u r o c h e m i c a l inves t iga t ions . Among 
var ious body o rgans , the bra in is one of the r iches t in 
l ip ids , compris ing over half of the total dry weight 
(Bran te , 1949: Ba l ak r i shnan et al . , 1961: and Suzuik i , 
1981). It conta ins a un ique s t ruc tu re , the myelin sheath , 
which have the h ighes t l ipid concent ra t ion of any normal 
t i s sue or subcel lu lar c o m p o n e n t s , except for adipose 
t i s sue , and which has been the subject of in tens ive and 
ex tens ive s tudies in r ecen t years . Myelin i s present in 
all par ts of the ne rvous sys tem but is more concen t ra ted 
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in a r e a s composed mainly of fiber t r ac t s , such as the 
w h i t e mat ter of brain and spinal cord and in per ipheral 
n e r v e t runks , such as sc ia t ic ne rve . The abundant l ipids 
of CNS are located in both cel lular and subcel lular 
m e m b r a n e s and in the myelin shea th . Different types of 
m e m b r a n e s a c c u m u l a t e d i f f e r e n t t y p e s of l i p ids 
( H o r r o c k s et al . . 1975) Mammal ian br&an white matter 
cont | ins about 50% myelin on a dry weight bas is . Even 
in the whole brain of an adult ra t , myelin is about 2 5 % 
of dry weight and accounts for more than 40% of the 
b r a i n lipid (Northon and Podus lo , 1973). Early analysis 
of wh i t e matter revealed that cho les te ro l , sphingomyel in , 
and cerebros ide were presen t in larger amounts than in 
the grey matter (Johnson et a l . , 1948). Cumings (1953 
and 1955) compared the l ip ids of demyel inated lesions 
in mul t ip le sclerosis with those of normal areas of the 
b r a i n and f o u n d a d e c r e a s e in s p h i n g o m y e l i n , 
c e r e b r o s i d e , and free cho les te ro l . Similar f indings were 
m a d e in d e m y e l i n a t i o n r e s u l t i n g f rom W a l a r i a n 
degene ra t ion of the per iphera l nerve (Ross i te r , 1961 and 
Berry et al . , 1965). The rap id ly increased myelin content 
is closely related with i nc rea se in brain weight (Smith 
et a l . , 1983). 
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Waelsch, Sperry and Stayanoff (1941) have s tudied 
that after bir th lipid is deposi ted in the bra in as a resul t 
of two p r o c e s s e s , (a) growth and (b) mye l ina t i on . 
I m m e d i a t e l y after b i r th and before m y e l i n a t i o n is 
comple te there is act ive deposi t ion of bra in l ipids 
(F r i e s , Changus and Chaikoff, 1940). The impor tan t 
l i p i d s of t he CNS a re c h l e s t e r o l , c e r e b r o s i d e s , 
p h o s p h o l i p i d s , l e c i t h i n , s p h i n g o m y e l i n & 'Cephal in 
( Johnson , et al. 1948). Galli et al. (1970) i nd i ca t ed that 
rat brain may have sphingomyel in levels as h igh as in 
human brain . About 50% of all l ipid in whi te mat ter 
or 30% of total brain l ipid, has been es t ima ted to belong 
to the myelin sheaths in rat brain. The comple t e lipid 
ana lys is of myelin from different spec ies has been 
publ ished by var ious workers (Auti l io et a l . , 1964; 
Eichberg et al . , 1964; and 0 ' Brein , 1965). the most 
rapid increase in lipid content of brain beg ins after the 
pe r iods of g r ea t e s t i nc rease of DNA and p ro te in . 
Changes in specific l ipids have been well documented 
(Rouser and Yamamoto, 1969 and Wells and Di t tmer , 
1967). Changes in fatty acid concen t ra t ion and degree 
of sa tura t ion have been de termined for severa l g roups of 
l ipids (Rouser and Yamamoto, 1969 and O 'Br ien , 1979). 
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Studies from this labora tory have shown that pe s t i c i de s 
per turb the levels of total l ipids in the rat CNS (Tayyaba 
and Hasan, 1980; Islam et al . . 1983 Tayyaba and Hasan, 
1985 Hasan and Khan . 1985 and Naqvi et a l . , 1988; 
Gupta and Hasan . . 1988). 
The ava i lab le l i t e ra tu re on different l ip ids ind ica te 
that the knowledge of pest ic ide toxici ty on bra in l ip ids 
is i nadequa te . The different parts of the bra in show 
regional va r i a t ions in the lipid contents . S ince the brain 
is a he t e r ogeneous organ composed of many s t ruc tura l 
and funct ional componen t s with markedly differet levels 
of functional and metabol ic activity, it is r easonab le to 
inves t iga te the neu ro tox ican t s ' inf luence on d i sc re te 
brain a reas . The p resen t study deals with the effect of 
phosphine inha la t ion on different lipid leve ls in var ious 
regions of CNS of the rat brain 
2.19 C h o l e s t e r o l : 
The myel in of mammalian CNS is composed of 
25 to 28% cho le s t e ro l , 40 to 4 5 % phosphol ip id and 27 
to 30% g a l a c t o l i p i d s . Brante (1949) e s t i m a t e d that 
m y e l i n s h e a t h l i p i d s w e r e 2 5 % c h o l e s t e r o l , 4 6 % 
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phosphol ip ides and 29% galac to l ip ids . The data for l ipid 
composi t ion are expressed in mole pe rcen t . Mos t of the 
p r e p a r a t i o n s a n a l y s e d so far c o n t a i n c h o l e s t e r o l , 
phosphol ip id and galactol ip id in molar r a t ios r a n g i n g 
from 2: 2: 1 to 4: 3: 2. Thus , cholesterol c o n s t i t u t e s the 
la rges t p ropor t ion of l ipid molecules in mye l in . It 
conta ins approximate ly 2 5 % of myelin lipid by weight 
(Soto et al . , 1966 and Cuzner. , 1965). The s t ruc tu ra l 
mat r ix of cell membranes is a lipid b i layer wi th va r iab le 
amounts of choles terol and glycol ipids (Tanford, 1978) . 
Choles te ro l , is the only sterol p resen t in normal 
adult brain in s ignif icant amounts . The alcohol g roup (-
OH) at posi t ion 3 may be esterif ied with a long-cha in 
fatty acid. Ester i f ied cholesterol is p resen t in normal 
brain only in very low concent ra t ions . In adult brain it 
is j^unester i f ied form (Dav i son , 1965) . U n e s t e r i f i e d 
cho le s t e ro l has been sugges t ed as a l i p id tha t is 
charac te r i s t i c of myelin sheaths . It occurs in whi te 
matter in amounts great ly exceeding those in g ray mat te r 
( J o h n s o n , 1949 and B r a n t e , 1 9 4 9 ) . A l o n g w i t h 
cholesterol in CNS, there occur very small amoun t s of 
other sterol (upto 1%) (Cook, 1958). In rat b ra in , total 
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levels of sterol esters increase from birth to 40 days (Eto 
and Suzuki, 1972). Kritchevsky and Holmes (1962) 
found varying amounts of the sterol in the newborn rat 
brain,. Recently, Fumagalli and Paoletti (1963) and 
Fumagalli et al. (1964) reported that desmosterol 
accounted for upto 7% of the human and rat fetal and 
neonatal brain sterol content. Desmosterol which is the 
immediate metabolic precursor of cholesterol (Fish et 
al., 1962) and has an additional double bond at C24, is 
present in normal developing brain in measurable 
amounts just prior to myelination (Kritchevsky et al., 
1965 and Paoletti et al., 1965) and also in the myelin 
sheath itself in the early stage of myelination (Smith, 
et al., 1967). Laatsch, et al. (1962) demonstrated that 
cholesterol accounts for 18-20% of the dry weight of the 
myelin fraction and that about 70% of the total brain 
cholesterol is present in the myelin. Cholesterol accounts 
for about 10% of dry weight of the brain in contrast to 
less than 11% found in most other organs. 
Biosynthesis of cholesterol in brain is most rapid 
during the period of active mydination. but adult brain 
retains the capacity to synthesize cholesterol when 
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precursors such as acetate or mevalonate are available. 
Acetate and its precursors are transformed through 
mevalonic acid to cholesterol. The adult human brain 
contains 25g of cholesterol, but this amount at birth is 
only 2g (Waelsch et al., 1940 and 1941). O* pH 7.2 
cho les te ro l ester hydrolase is one of three such 
hydrolases in brain that can be distinguished by their pH 
optima and response to detergents (Eto and Suzuki, 1973 
and Igarashi and Suzuki (1977). 
Although most of the cholesterol in brain appears 
to be s y n t h e s i z e d from e n d o g e n o u s p r e c u r s o r s , 
experimental evidence indicates that a small amount of 
systematically injected cholesterol can be taken up-intact 
and that the rate of uptake is greatest when the rate of 
cholesterol deposited in brain is most rapid, i.e., during 
active myelination (Dobbing, 1963). Once deposited in 
brain, cholesterol, particularly that incorporated into 
myelin, is relatively inert metabolically (Davison et al., 
1958 and Khan and Folch, 1967). Further studies of 
incorporation of labelled cholesterol or labelled acetate 
into brain tissue indicate that the cholesterol of adult 
brain is relatively inert (Waslsch et al., 1940; Bloch et 
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al . , 1943 ; Syere et a l . , 1950; and Van Bruggen et al . , 
1 9 5 3 ) . Af te r i n t r a c e r e b e r a l i n j e c t i o n of l a b e l l e d 
c h o l e s t e r o l ace ta te in r a t s , however , some label is 
i n c o r p o r a t e d into choles te ro l and appears to remain there 
i n d e f i n i t e l y ( N i c h o l a s and T h o m a s , 1959) . Paole t t i 
( 1 9 7 1 ) has subs tan t i a t ed the oberva t ion that microsomes 
are the subcel lu lar si tesof bra in choles tero l b iosynthes i s . 
Ear l ie r f indings from th is laboratory have shown 
a l t e r a t i o n s in the levels of choles te ro l in d i sc re te brain 
a r ea s fol lowing chemica l s t r ess (Tayyaba and Hasan, 
1980; Is lam et al . , 1983 ; Hasan and Khan, 1985; Tayyaba 
and Hasan , 1985; Vadhva and Hasan , 1985; Naqvi et al . , 
1988 and Gupta and Hasan , 1988; and 1992). 
Till date , no a t t empt has been made to evaluate the 
effect of phosphine in the va r ious regions of the rat 
bra in and spinal cord cho les te ro l . Therefore , it would be 
of i n t e r e s t to e s t i m a t e the l eve l s of c h o l e s t e r o l 
quan t i t a t ive ly after the admin i s t r a t i on of A1P solut ion by 
gavage . 
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2.20 Lipid P e r o x i d a t i o n : 
The l ipids in m e m b r a n e s of cel ls from h igher 
organisms contain large numbers of po lyunsa tu ra t ed fatty 
acid s ide-chains Such fatty ac ids are prone to undergo 
a process known as "lipid pe rox ida t ion" , which involves 
the generat ion of carbon rad ica l s , followed by product ion 
of peroxide radica ls (Soha i l , 1981). Lipid pe rox ida t ion 
has been broadly defined as the ox ida t ive de te r io ra t ion 
of polyunsa tura ted l ipids and involved in many disease 
p rocesses and chemical tox ic i t i e s (Tapple , 1973 and 
Tappel and Dil lard, 1981). Lipid pe rox ida t ion i s ' f o u n d 
to be affected in cer ta in cl inical d i sorders such as under 
nu t r i t ion , cancer, aging, hypoxia e tc . It has been claimed 
tha t lipid pe rox ida t i on in vivo has been of bas ic 
impor tance in aging, damage to cells by air po l lu t ion , 
toxic chemicals and in oxygen toxic i ty (Tapple , 1970). 
.ci-
lt is believed that lipid peroxi[ation of b iomembranes is 
one mechanism whereby a foreign chemical may be toxic 
to cel ls , and this has evoked cons iderab le in te res t in 
unders tand ing the mechanism of this phenomenon in 
v a r i o u s b io logica l s y s t e m s (Bus and G i b s o n , 1979 
Msayuki et al. , 1996). Accord ing to Demopoulos et al . , 
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( 1 9 7 9 ) t h e l o s s of m e m b o r a n e i n t e g r i t y d u r i n g 
pa thologica l free radical mechanism leading to lipid 
pe rox ida t i on and degene ra t ion of phospho l ip id s are 
impor tan t factors which i r revers ib ly damage bra in cells 
in i schaemic and other adverse condi t ions . The rate 
of l ipid peroxida t ion is also highly ca tas t rophic to the 
in tegr i ty of cellular membranes and to membrane bound 
enzymes (Recknage l and Glence , 1977 and Zebra , et al . , 
1990) . It is appropr ia te to recall here that , as well as 
b e i n g d e s t r u c t i v e at h i g h e r c o n c e n t r a t i o n s , l i p id 
pe rox ides also appear to have an essent ia l enzyme 
a c t i v a t i n g ro le in the a r a c h i d o n a t e m e t a b o l i z i n g 
p a t h w a y s ( H e l m e r and L a n d s , 1980; r e v i e w e d by 
Clev land . 1984) Free radicals have long been suspec ted 
as in t e rmed ia te s of biological oxidat ive p rocesses . They 
are highly reac t ive t rans ient chemical in t e rmed ia te s , the 
concen t ra t ion of which is increased by h igh energy 
i r rad ia t ion to the oxygen radica ls themse lves , cer ta in 
p roduc t s of radical induced lipid peroxidat ion , inc luding 
a ser ies of a ldehyde, may be toxic to invading o rgan i sms 
and host cells (Morel et al . , 1983). Being much more 
s table than free radical , these toxic compounds can 
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cause injury some d is tance from the si te of rad ica l 
gene ra t ion . Kar tha and Kr i shnamur thy (1978) repor ted 
that among the diferent t i ssues from normal r a t s , the 
bra in showed a cons iderably high d e g r e e of pe rox ida t ion , 
whi le the h o m o g e n a t e of o the r body p a r t s showed 
compara t ive ly low lipid pe rox ida t ion . When l ipids react 
with oxygen rad ica l s they undergo a se r i e s of molecular 
r e a r r a n g e m e n t s termed pe rox ida t ion and form a ser ies of 
ox ida t ion de r iva t ives , inc lud ing l ipid hydrope rox ides 
and a ldehydes (Es te rbauer , 1982 and J i , L.L. and Fu, R. 
1992). Some of these p roduc t s of l ipid pe rox ida t ion are 
t o x i c to v a r i o u s c e l l s , i n c l u d i n g e n d o t h e l i a l ce l l s 
(Sasagur i et a l . , 1984). Lipid h y d r o p e r o x i d e s decompose 
to p roduce a ldehydes (e .g. ma lond ia ldehyde ) and other 
p roduc t s , inc lud ing gaseous h y d r o c a r b o n s such as e thane 
and pen tane (Pryor . 1978 and Cohen , 1979) . Their 
decompos i t ion is ca ta lyzed by t r ans i t i on metal ions and 
by haem compounds (Svingen et a l . , 1979; and Kohn and 
Kessel , 1979) . Lipid hyd rope rox ides and some of-tfieir 
degrada t ion produc ts are highly cy to tox i c : they cause 
e x t e n s i v e d a m a g e to e n z y m e s and to m e m b r a n e s , 
p r o d u c i n g a d e c r e a s e in e l e c t r i c a l r e s i s t a n c e and 
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membrane fludity and eventual loss of me.mbcrane 
integrity (Gutteridge et al., 1979; Gardner, 1979; and 
Pauls and Thomas, 1980). Further , there is some 
evidence that malondialdehyde is a mutagen. Disruption 
of lysosomal membranes by lipid peroxidation can spill 
hydrolytic enzymes. 
The peroxidation observed was probably initiated 
by traces of metal ions, especially iron, contaminating 
the reducing agents. Since Fe2+ is a good initiator of 
perxodation, these compounds probably server to keep 
the iron in the reduced form solto allow continuation 
of peroxidation (Wills, 1960 and Gutteridge et al., 
1979). As a second protective mechanism, the chain 
react ion of l ipid perox ida t ion can be effectively 
inhibited by abstraction of H from anothe donor (often 
called a "scavenger") to yield a donor radical that is 
relatively unreactive. 
Lipid-02+donor-H > Lipid -00H + donor 
It is well known that unsaturated fatty acids or 
lipids will undergo oxidation in the presence of oxygen. 
The progress of this reaction can be monitored in several 
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ways . As oxidat ion p roceeds , it is possible to observe : 
(1 ) an inc rease in absorbance at 233 nm; (2) 0 2 up take ; 
(3) an increase in the r a t . e of l ipid peroxida t ion 
p r e s e n t ; and in some cases , (4) an increase in the amount 
of malondia ldyhyde formed which is usually quantif ied 
by i t s h i g h l y c o l o u r e d r e a c t i o n p r o d u c t w i t h 
t h i o b a r b i t u r i c acid (TBA) test (Barber and Bernheim, 
1969) . 
The increase in absorbance at 233 nm is a t t r ibuted 
to t h e fo rma t ion of c o n j u g a t e d d i ene s y s t e m s in 
u n s a t u r a t e d l i p i d s . O x y g e n u p t a k e r e s u l t s in the 
fo rma t ion of peroxides whose concen t ra t ion can be 
d e t e r m i n e d using an iodometr ic p rocedure . The TBA 
test for lipid peroxidat ion is a sens i t ive and widely used 
a s s a y for m a l o n d i a l d y h y d e f o r m e d d u r i n g l ip id 
p e r o x i d a t i o n . 
Lipid peroxidat ion is an au toca ta ly t ic free radical 
p r o c e s s (Pryor, 1978). Free rad ica l s are short l ived, 
h ighly reac t ive chemical spec ies involved in a variety of 
func t ions , namely, oxidat ion of unsa tura ted fatty acids 
in cell membranes (lipid pe rox ida t i on ) , damage of DNA, 
>Q 
modulation of nucleotide cyclase activates and synthesis 
of prostaglandins and lipo-peroxides. These free radicals 
are usually produced in biological system during anti-
microbial defense, through the action of mixed function 
monoxygenases, by various oxidative enzymes, such as 
xanthine oxidase and by auto-oxidation mediated by 
heavy metals and quinones (Proctor and Reynolds. 1984; 
Richter, 1988; Simic, et al., 1989). The H202 and other 
reactive 0 2 species, if not scavenged efficiently, are 
known to give rise to potentially toxic intermediates, 
0L racked 
namely, hydroxy radical (OH ) and singletl (O
 2). These 
oxidants, in the presence of metal ions, result in the 
formation of lipid peroxides (Lai and Piette, 1978; Lai 
et al.. 1979a ). 
Initiation of lipid peroxidation in a membrane or 
free fatty acid is due to the attack of any species that 
has sufficient reactivity to abstract a hydrogen atom. 
Since a hydrogen atom has only one electron, this leaves 
behind an unpaired electron on the carbon atom. The 
carbon radical in a polyunsaturated fatty acid tends to 
be stablized by a molecular rearrangement to produce a 
conjugated diene, which rapidly reacts with 0 2 to give 
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hydroperoxy radical . Hydroperoxy radicals abstract 
hydrogen atoms from other lipid molecules and so 
continue the chain reaction of lipid peroxidation. The 
hydroperoxy radical combines with the hydrogen, atom 
that it abstracts to give a lipid hydroperoxide (Barber 
and B e r n h e i m , 1967) . The c l a s s i c a l l y a c c e p t e d 
mechanism of free radical lipid peroxidation is outlined 
below. 
[LH = fatty acid; LOOH = lipid hydroperoxides; L = 
lipid alkyl radical; LOO = lipid peroxy radicals] 
I n i t i a t i o n 
LH + O. « 
-> Free radicals, L (i) 
LOOH 
Propagation 
-> Free radicals, L (ii) 
L + O. -> LOO 
LOO + LH-
Termination 
LOO' + LOO 
•> LOOH + L 
> LOOL + O 
LOO + L LOOL 
L + L LL 
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C I 
Hydrogen abstraction-by a 
(A) Previously formed peroxide 
,' J radical or by a species such as 
/ • I H OH* generated from Q' 
/ A - — A — / W J (B) Rearrangement / 
\ 
V 
o» , I 
**i \ r * \ f A / (C) Conjugated diene (can be detected by 
° » J ^—-^ ^ — ' absorbance at 233/nm) 
|°2 
o»\ X ^ 5 3 ^ Y A / (D) Peroxide radical: abstracts H from 
u2 u* reaction 
Jp\ ^ n*~"~,r ^ • — ^ another chain so causing a chain 
h 
^*0oH 1 
(E) Hydroperoxide 
Fragmentation products Including (especially 
moiondlatdehyde) 
Mechanism of peroxidation of 
polyunsaturated fatty acids. 
M e c h n i s m For Lipid P e r o x i d a t i o n : Dah le et al. , 
(1962) 
L i p i d p e r o x i d a t i o n is a i m e d to e x p l a i n the 
fol lowing o b s e r v a t i o n s : —-
t h e i n c r e a s e in absorbance at 233 nm in the early 
s tage of the ox ida t i on , the a p p e a r a n c e of . lipid 
pe rox ides as i n t e rmed ia t e in the r eac t ion , the inhibi t ing 
effect of cha in break ing an t iox idan t s on the react ion, 
and the more faci le product ion of ma lond ia ldehyde as 
quant i f ied by the TBA test from l ino len ic or aijchidonic 
acids when compared to l inoleic acid. The s t eps in the 
ox ida t ion of a d iene and a t r iene fatty ac id sys tem are 
i l lus t ra ted in F ig . / \ . This free radical cha in react ion is 
in i t i a ted when some unidentif ied free r ad ica l abstracts 
a me thy l ene H atom from the u n s a t u r a t e d fatty acids. 
The r e s u l t i n g free radical is s tabl ized by r e s o n a n c e , with 
several of the resonance forms adop t ing a conjugated 
diene sys t em. Oxygen adds to the l ipid free radical 
p roduc ing a hydroperoxy radical which may abstract a 
hydrogen a tom from another u n s a t u r a t e d fat ty acid 
( the reby p r o p a g a t i n g the chain r eac t i on ) to form a 
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lipidperoxide. In this mechanism, malondialdehyde is 
produced by the triene but not the diene system because 
only with the former is it possible to obtain a 
hydroperoxy radical with a double bonds to the peroxy 
radical. It is possible to obtain the cyclic peroxide II 
in triene systems which is the non-volatile precursor of 
malondialdehyde. Pryor, et al., (1976) have criticized 
this mechanism because of the assumption that only 
methylene hydrogen atoms can be abstracted in the^step. 
If hydrogen abstract ion can also occur at alkylic 
positions at the ends of the alkene systems then linoleic 
acid can also produce the cyclic peroxide II. Since both 
linoleic and linolenic acids can form II, then Dahle's 
mechanism does not explain the difference in the state 
of malondialdehyde formation from linoleic and linolenic 
acids. Pryor. et al., (1976) also suggest that the fattcy 
acid free radical I abstracts a hydrogen atom internally. 
Triene systems produce a more suitable bicyclic free 
radical III than diene systems since they are stablized 
by the third double bond. 
The e n d o p e r o x i d e is the n o n - v o l a t i l e 
malondialdehyde precursor in Pryor's mechanism. The 
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e n d o p e r o x i d e has a s t ruc tu re r e l a t ed to those of the 
e n d o p e r o x i d e s p roduced in b io syn the t i c s e q u e n c e 
l ead ing to pros taglandins and have also shown that many 
cyc l i c pe rox ides p roduced d u r i n g the ox ida t ion of 
u n s a t u r a t e d fatty acids give a pos i t ive TBA test (Pryor 
et a l . , 1976). In fact ; of the 5 cycl ic peroxides only 
the one with dioxygen funct ional ly on a ter t iary carbon 
fai led to give a posi t ive TBA tes t . Hence, there is 
p r o b a b l y more than one m a l o n d i a l d e h y d e p recur so r . 
However , the activation of 0 2 is not the only mechanism 
of ac t iva t ion of lipid pe rox ida t i on . But it is also the 
p r o c e s s of a chain reac t ion by i ts na ture , and the 
in f luence on the proceeding of the react ion may be the 
key mechanism of lipid p e r o x i d a t i o n regula t ing in the 
cell Studies from our l abora to ry ( X5ftc) have 
shown that the lipid pe rox ida t ion ' in v ivo ' is of basic 
i m p o r t a n c e in aging, in damage to cel ls by toxic gases , 
h e a v y m e t a l s and o r g a n o p h o s p h a t e p e s t i c i d e 
n e u r o t o x i c i t y (Gupta and H a s a n , 1988; Ha ider and 
Hasan , 1984; Haider et al ., 1 9 8 1 ; Hasan and Ali , 1981; 
Bano and Hasan, 1989; Vadhva and Hasan, 1986; and 
Naqi et al . , 1988; Myshkin et a l . , 1992; Milan and 
Z u z a n a , 1996 and Masayuki , et al. 1996). 
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The prob lem of con t ro l l ing mechan i sms of l ipid 
pe rox ida t ion in the cell has become more and more 
complex . -- ^ . . ^ > 
To da te , the effect of A1P 
pes t i c ide s on bra in and the rate of l ipid peroxidat ion are 
l imited ** par t icu la r ly the effect of A1P on the lipid 
pe rox ida t ion is not known. There fo re , it would be of 
p a r t i c u l a r i n t e r e s t to i n v e s t i g a t e the ra te of l ipid 
p e r o x i d a t i o n in d i s c r e a t e b r a i n a r e a s a f t e r t h e 
admin i s t r a t i on of A1P solu t ion . 
2.21 S u l f h y d r y l Groups (Thio l G r o u p s ; SH): 
They play a p ivota l role in many impor tant 
enzymes by ac t ing as ac t ive enzymat ic si tes (Hoch and 
Vallee, 1959). In p r inc ip le , any enzyme bearing an 
acces s ib l e thiol essent ia l for ac t iv i ty is capable of 
fo rming p r o t e i n mixed d i s u l f i d e s or i n t r amolecu la r 
d isu l f ides can increase or dec rease ca ta ly t ic activity and 
e x a m p l e s of both are known. Fu r the rmore , the extent of 
e n z y m e - s - th io la t ion would depend on the thioldisulf ide 
redox po ten t ia l as well as the na ture of the small 
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d i s u l f i d e a n d t h e m i c r o e n v i r o n m e n t a r o u n d t h e 
access ib l e prote in thiol. These pa rame te r s are at least 
-to 
p o t e n t i a l l y c a p a b l e of c o n f o r m i n g l^the s p e c i f i c i t y 
r equ i r ed for a biological control mechanism through 
s igna ls t r ansmi t t ed by changes in the thiol - disulfide 
redox po ten t ia l as a function of different metabol ic 
s t a t e s . 
Sylfhydryl groups derived from the side chain of 
c y s t e i n e r e s i d u e s , occur in a number of enzymes . 
Sulfhydryl (-SH) groups and disulf ide (- SS groups) 
bond of cys te ine are highly reac t ive and apparent ly 
involved in the main tenance of the conformation and 
b io logica l ac t iv i ty of cer ta in p ro te ins . As the receptors 
are p ro te in in na ture , the r eagen t s which modify - SH 
g r o u p s m a y i n f l u e n c e t h e i n t e r a c t i o n - of 
n e u r o t r a n s m i t t e r s with their recogni t ion s i tes (Sobrino 
and Del Cas t i l lo , 1972). 
Sulfhydryl groups play an important role in GST 
induced detoxif ica t ion agains t e lec t rophi l i c xenobiot ics 
and t o x i c a n t s by conjugat ing with such compounds and 
thus neu t r a l i z ing their e lec t rophl ic s i tes (Habig et al . , 
1974). 
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Glutathione has been considered to function as 
biological antioxidant. It plays a pivotal role in the 
destruction of free radicals as well as inorganic and 
organic peroxides (Sohal et al, 1984; Ji, L.L. and Fu. 
R. 1992). GSH is a naturally occuring and widely 
distributed tripeptide. It consists of glycine, cysteine 
and glutamic acid moities (Allen and Balin, 1989). It 
is the major non protein thiol compound present in cells 
in concentrations which range between 0.1 and 10 mM 
(Kosower, 1976a ). It is synthesized intracellulary by the 
consecutive actions of glutamyl cysteine synthase and 
GSH synthase. Its concentration is dependent on 
metabolic rate and the level of oxidative stress (Allen 
et al, 1985 a ). It has been implicated in a wide variety 
of biological functions, such as the maintenance of cell 
membranes, destruction of metabolic peroxides and free 
radicals, detoxification of foreign compounds, removal 
of H202 , maintenance of thiol group of enzymes and 
proteins, control of redox status, disulfide exchange 
reactions and transport of amino acids and peptides 
across membranes (Hazeltona and Lang 1980" and; 
Ziegler, 1985). 
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Katoh et al. (1989) obse rved an enhanced level of 
l ip id perox ides associated with the GSH dep le t ion . The 
ro le of GSH in p e r o x i d a t i o n is e v i d e n c e d by the 
i n h i b i t i o n of o x i d a t i v e s t r e s s i nduced by d i f fe ren t 
c o m p o u n d s such as a sco rba te , N A D P H - B r C C l 3 and 
N A D P H - F e 2 ' (Tampo and y a n a h a . 1990). The GSH 
was observed to protect ra t s from toxic spec ies 
£tt<*endered by hyperoxia (Van et al , 1985). Whi te et al. 
( 1 9 8 8 ) observed that GSH redox cycle i nc r ea se s survival 
and detoxif icat ion of H 2 0 2 in hypoxia p r e - exposed ra ts 
and cont r ibu tes to to lerance to hyperox ia . Gupta et al. 
( 1986) observed a s ignif icant inc rease in GSH level 
wi th ant ioxidant in mice. Rot ruck et al. (1972) 
r epo r t ed that Se-glucose - GSH system plays a dual role 
in the preservat ion of the in tegr i ty of the cell membrane 
and of haemoglobin aginst haemolys i s and ox ida t ive 
damage . 
In 1970 . Tappel had sugges ted that def ic iency 
of total and free sulfhydryl g roups may lead to 
def ic ient degradat ion of l ipid pe rox ides to hydroxy 
ac id s , causing accumulat ion of perox ides in var ious 
r eg ions of the brain. 
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The concen t ra t ion of ox id ized g lu t a th ione or 
g l u t a t h i o n e disulfide (GSSG) r epor t ed for var ious 
t i s s u e s r a n g e between 4 and 50 mM (T ie t ze , 1969). 
A s l igh t i nc rease in the c o n c e n t r a t i o n of GSSG even 
in the p r e s e n c e of a large exces s of GSH, has effects 
of p o t e n t i a l physiological i m p o r t a n c e (Kosower and 
Kosower 1974 a ). One potent phys io log ica l function 
of the ac t iv i ty of GSSG in inh ib i t i ng p ro te in synthes is 
migh t be as a control mechanism. If the concen t ra t ion 
of GSSG within the cell r ises above a cer ta in level , 
i n i t i a t i on fac tors are conver ted in to an inac t ive form 
and the to ta l rate of prote in syn thes i s dec reases . 
A c c o r d i n g to Zehavi-Wil lner et al. ( 1 9 7 1 ) a l te ra t ions 
in the GSH/GSSG rat io may also be r e l a t ed to the 
e n h a n c e d ra te of protein syn thes i s , GSH/GSSG rat io 
is not effected L by exercise or by ma la ton in t rea tment 
( M a s a y u k i , et al. 1996). 
2 .22 S u p e r o x i d e D i s m u t a s e ( S O D ) : 
Oxygen is uti l ized by all ae rob ic o rgan i sms that 
must have some mechanism by which they can minimize 
tox ic i ty . One mechanism is the p roduc t i on of superoxide 
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radical and its dismutation reaction, catalyzed by the 
enzyme superoxide dismutase (Harman, 1956; 1971). 
The superoxide anion is a free radical formed by one 
electron transfer to oxygen by so many spontaneous and 
enzymatic oxidat ions (Mishra & Fridovich 1972; 
Marklund & Marklund, 1974). 
0 2 + e" > 0\ 
Superoxide dismutase (SOD) catalyzes the 
dismutation between two moles of superoxide anion 
to yield one mole of oxidized product (oxygen) and 
one mole of reduced product (Hydrogen peroxide) 
(Klug, et al. 1972). 
O, + 0"2 + 2H+ > 0 2 + H2 0 2 
This is analogous to the dismutation of hydrogen 
peroxide to oxygen and water catalyzed by catalase^mw^g. 
Ord inar i ly , e l ec t ro s t a t i c repuls ion b e t w e e n two 
molecules of superoxide anion. Their approach to one 
another; SOD overcomes the barrier greatly increases 
the dismutation rate (Fridovich, 1976; 1978). 
SOD appears to protect against the toxic effects 
of the O," free radical and thus provides a mechanism 
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whereby an organism can avoid possible deleterious 
effects of this radical or other free radicals which might 
be produced by its further reaction with cellular 
components (Fridovich. 1975; Mc Cord et al, 1971). 
Superoxide arises naturally in some enzymatic reactions 
(Fridovich, 1978) such as those catalyzed by xanthine 
oxidase, dihydro-oratic acid oxidase, aldehyde oxidase, 
trypotphan dioxygenase, or during autoxidation of.tissue 
constituents such as reduced flavins of ascorbate or more 
dramatically during the rapid spontaneous auto-oxidation 
of certain neurojal toxins such as 6-hydroxydopamine or 
6 - a m i n o d o p a m i n e (Cohen and H e i k i l l a , 1974) . 
Superoxide radical at neutral pH can act either as a weak 
oxidizing agent, e.g. with catecholamines, or as a strong 
reducing agent, e.g. with cytochrome C. 
The SOD enzyme was first discovered in 1969 by 
McCord and Fridovich and serveral forms have been 
identif ied. They ident if ied the enzymatic act ivi ty 
associated with erythrocuprein, a copper-zinc protein of 
erythrocytes. The copper is associated with enzymatic 
activity, whereas the zinc is structural. Similarly, SOD 
activity is associated with a family of copper-zinc 
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p r o t e i n s , ce reb rocupre in in b ra in ( F r i e d , 1979) and 
e. 
hepa tocupre in of liver. In mammal ian t i s s u e s , a sjcond 
form ex i s t s in which manage the p r o s t h e t i c group 
(Fr idov ich , 1976). SOD is loca l i zed to mi tochondr i a , 
whereas the Cu-Zu SOD is c y t o p l a s m i c . However , this 
d i s t r ibu t ion does not hold in o the r s p e c i e s . 
Regional d i s t r ibu t ion in the ra t showed a re la t ively 
homogenous d i s t r ibu t ion in brain about a twofold range 
from the h ighes t area (medulla o b l o n g a t a ) to the lowest 
area ( co r t ex ) , also subscel lular d i s r i b u t i o n s tud ies in the 
rat showed the h ighes t level in the cy top la sm while 
myelin has very low levels. T h o m a s et a l . , (1976) . 
ind ica ted that very high levels of ac t iv i ty are present in 
l iver, while the adrena l s , k idney and red b lood cells have 
in t e rmed ia te act ivi ty , and lower ac t i v i t i e s were found in 
most other t i s sues including bra in (Fr ied and Mandel 
(1975) . 
The pr incipal causes of p e r o x i d a t i v e damage has 
been impl ica ted (Barber and Be rhe im , 1967; Hougar rd . 
1968). Such damage is at least pa r t i a l ly a s s o c i a t e d with 
the free rad ica l s . The reduct ion in SOD ac t iv i ty as a 
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function of age could result in an impaired protection 
against the toxic effects of 0 2 and thus might lead to 
serve cellular damage (Kellogg and Fridovich, 1976; 
Vanella et al, 1982, Tayarami et al, 1989). No report, 
however, is available todate on the effect of A1P toxicity 
on the SOD activity. 
2.23 Glutathione Reductase (GSSG-R or GR): 
Glu ta th ione r educ ta se , a heat labi le enzyme 
catalyzes irreversible conversion of GSSG to GSH and 
n 
accoujts for very high GSH:GSSG ratio in the cells. The 
reaction takes place according to the following equation. 
GSSG-R 
GSSG + NADPH > 2GSH + NADP^ 
H+ 
GR is reckoned to be as ubiquitous as glutathione 
and has been studied in various t issues (Ray and 
Prescott, 1975, Ormstad et al., 1979). This enzyme is 
isolated from human platelets (Moroff and Kosow, 1978). 
leucocytes (Ogus and Tezcan, 1981) and erythrocytes 
(Chang et a. , 1978). The primary and unambiguous role 
of glutahione reductase is of course, to regenerate 
reduced GSH that has been oxidized (i) non-specifically 
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by oxygen radicals or peroxides, (ii) enzymatically 
through the GSH peroxidase reaction, (iii) spontaneously 
or enzymatically by means of thiol-disulfide exchange 
reactions or (iv) poss[ble. by other redox reactions. 
Glutathione reducatse has been i l lustrated to be an 
inducible enzyme when rat liver cells were treated with 
various compounds which suggests that GR is of great 
importance /ofthe protection of cells against toxic agents 
(Carlberg et al., 1981). The destruction of GSHPx, 
GSSG-R and SOD activities was found to be the 
underlying cause of free radical damage caused by 
reperfusion injury of rat kidney (Okajima, 1990). Benzi 
et al. (1989) measured the activities of enzymes related 
to the anti-oxidant system in different regions of brain 
of rats. In general, both SOD and GR tended to decline 
during the last half of life. The GSSG-R activity was 
maximum at 25 days after birth in ra ts , afterwards the 
activity decreased continuously in adults but again 
increased during the developing period, especially in 
female rats (Santa and Machado, 1986). Stohs et al. 
(1984) reported that GR activity and GSH content were 
higher in erythrocytes from mature and middle aged 
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humans followed by a cons iderab le decl ine c o n t r i b u t i n g 
to s e n e s c e n e a n d i n c r e a s e d s u s c e p t i b i l i t y to 
ca rc inogenes i s and d rugs . 
2 .24 Glu ta th ione P e r o x i d a s e (GSHPx; G l u a t a h i o n e : 
H 2 0 2 O x i r e d u c t a s e ) ; 
GSHPx to be a pe rox idase in red blood cel ls and 
in a variety of t i s sues (Mi l l s , 1957). The enzyme would b e 
detoxify lipid pe rox ides by conver t ing the pe rox ides to 
the i r cor responding monohydroxy unsatura ted fatty ac ids 
(Li t t le and O 'Br ien , 1968). The reduction takes p lace at 
the expense of donor subs t r a t e , GSH. which is hy/rogen 
donor to reduce hydrope rox ides to the c o r r e s p o n d i n g 
a lcohols . 
2GSH + ROOH >ROH + H : 0 + GSSG 
V^ere R = CH3 or any alkyl group. 
These acceptor subs t ra tes comprise a variety of 
b iochemical ly impor tant compounds , such as unsa tu ra t ed 
l ip ids , s teroids , nucleic acids (Flone and Gunzler ,• 1 974) 
and p r o s t a g l a n d i n s (Nugte ren and Nazelhof, 1973). 
The enzyme occurs in two forms (i) se lenium 
dependent GSHPx (it ca ta lyzes the reduct ion of all 
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hydrope rox ides including H202) and ( i i ) selenium 
independent GSHPx (it catalyzes the break-down of only 
organic hydroperoxides). 
The presence of peroxidase in various tissues and 
the ability of the enzyme to metabolize peroxides of any 
structure at similar rates has led to the suggestion that 
GSHPx is the main product within the mammalian cell 
from peroxidative damage (Chow and Tappel, 1972; 
as**. 
Chow et al, 1973). Multiple cellular functions [regulated 
by GSHPx such as cell division (Kosower and Kosower, 
1974a) pentose phosphate shunt (Eggleston and Krebs, 
1974) and mitochondrial oxidation of 2-oxoacids (Sies 
and Moss, 1978). The role of the GSHPx in maintaining 
the integrity of the erythrocytes membrane has been 
extensively studied (Beutler, 1972). 
a. 
Owing to the high concentration of polys[turated 
fatty acids to peroxidative damage GSHPx could provide 
a mechanism to protect brain tissue against this type of 
damage . A l imited number of s tud ies have been 
performed with rat brain. A species comparison of levels 
of GSHPx in the cytosoliclof brain I (Demrchine et al.. 
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1974). The study was performed with unperfused bra ins 
ma\ be object to contaminat ion by e ry th rocy te s which 
contain much higher levels of enzyme. 
The increased conentra t ion of GSHPx in g rowing 
mouse kidney w|s repor ted (Su et al . , 1979 and Bar lo-
Walden, 19.75), whi le blood GSHPx showed an i nc i ea se 
only in vi tamin E supplemented animals ( P i e r i , et al . , 
1994). Other t i s sues , l ike lung, l iver, u te rus and sp leen , 
do not show any increase in the enzyme act iv i ty . The 
GSHPx and ca ta lase increased with age and dec reased 
t h e i r h i g h e s t v a l u e s by a d u l t h o o d or s e n s c e n c e 
r e s p e c t i v e l y in the subendoca rd i a l r eg ion of hea r t 
(Simonet t i et a l . , 1990). Hazel ton and Lang (1985) 
observed GSHPx and SOD showed a lower cons tan t 
specific act ivi ty dur ing the development with a post-
natal increase upto adult age of isola ted hepa tocy t e s . 
was 
GSHPx ac t iv i ty^ inhib i ted by H , 0 , (Ochi , 1990b) but the 
H,Q, eumene hydroperox ide and t-butyl hyd rope rox ide as 
subs t ra tes inc reased GSHPx activi ty more than 1.5 fold 
over the period of 1-12 months and remained high in old 
ra ts ( L e m e s h k o et a l . , 1985) . F o l l o w i n g v i g o r o u s 
e x e r c i s e , p l a s m a l ip id p e r o x i d e c o n c e n t r a t i o n was 
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increased and GHSPx activity significantly reduced 
(Masayuki. et al. 1996). 
2.25 Glutathione-S- Transferase (GST): 
It is a non se lenium dependent g lu t a th ione 
peroxidase (Sies it al., 1979). GST was first identified 
in rat liver cytosol (Both et al., 1961; Coombs and 
Stakelum. 1961). The enzyme was subsequently named 
glutathione-s-aryl transferase. Later on, several other 
GSTs were demonstrated depending upon the substrate 
specificity. GSTs are of three types-
i) Glutathione-s-alkyl transferase as a catalyst in 
numerous r e a c t i o n s in which g l u t a t h i o n e 
participates as a nucleophile (Johbson, 1966); 
ii) Glutathione-s-epoxide transferase, active towards 
the conjugation of active epoxides with glutathione 
(Boyland and Williams, 1965). 
iii) Glutathione-s-alkene transferase, catalyzing the 
o 
con juga t i on of u n s a t u r a t e d compjunds wi th 
glutathione (Covalent linkage). 
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The concentration of GST is, in general, high in 
mammals (upto 10% of cytosolic proteins in some 
organs), in other species (Shark) the level of activity is 
quite low (Sugiyama et al., 1981). The GSTs are a famjly 
of mult i funct ional proteins that function both as 
important enzymes of detoxification and intracellular 
binding protiens (Boyer, 1989). As enzymes, they 
catalyze the reaction between nucleophil reduced GSH 
and large number of electrophilic compounds such as 
polycycl ic aromatic hydrocarons , aromatic amines, 
azodyes, alkylating agents, carcinogens and neurotoxins 
(Habing et al., 1974; Smith et al., 1977 & Chasseaud, 
1 9 7 9 ) . A d d i t i o n a l l y , a n u m b e r of e n d o g e n e o u s 
compounds , including p ros tag land ins , leucotr ienes , 
organic hydroperoxides (including lipid hydroperoxides 
and products of lipid peroxidation) and steroids act as 
substrate for GST (Jakboy, 1978; kaplowitz, 1980). GST 
catalyzed reactions produce two types of products 
(Douglas, 1987). 
i) a stable gultathione conjugate is formed by the 
nucleophilic attack of GSH on an electrophilic 
cen t re . These types of r eac t ions occur with 
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substrates such as epoxides (metabolites of benzo) 
P 
450 
R-X + GSH > R-SG + XH ( | ) 
acetaminophen 
Where X is a leaving group. 
ii) A reduced substrate and gluta thione disulfide 
(GSSG) are formed. In this reaction, an unstable 
R-GS intermediate is the enzymatic product (Eq. ii) 
which is attached nonenzymatically by a second 
molecule of GSH, yielding the final product and 
GSG (Eq. i i i ) . Examples of substra tes for this 
second type of reaction are organic nitrates and 
organic hydroperoxides. 
R-X + GSH > R -GS + XH (ii). 
R-GS + GSH > RH +GSSG (iii) 
Todate no information is available in the literature 
on the possibile alterations in GST activity in the 
different regions of rat brain following A1P intoxication. 
In the present work, it is planned to study the GST 
activity to evaluate the neurotoxicity of A1P. 
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2.26 Mono mine Oxidase (MAO): 
In 1972, Costa and Sandler discovered MAO. It is 
a f lav in-conta in ing enzyme loca ted on the outer 
mem^brane of the mitochondria. Oxidative deamination 
of primary monoimines by MAO produces NH3, aldehydes 
and H,0 2 agents with established or potential toxicity 
(Cooper et al., 1978; Benedetti and Dostert, 1989). 
MAO 
RCH2CH2NH2 + 02 + H20 > RCH2CHO + H202 + NH3 
MAO is one of the major mammalian neuronal 
enzymes. It is active in both neurons and gilal cells in 
the brain . MAO plays a strategic role in inactivating 
catecholamines that are free within the nerve terminals 
and not protected by the storage vesicles (Coyle and 
Snyder, 1981). When monoamines leak from the synaptic 
vesicles, MAO acts within the nerve fibre itself. The 
enzyme serves to oxidize some of the 5-HT, DA and NE 
after their release into the synaptic space in the nervous 
system, thus terminating their action. The concept of two 
functionally distinct forms of MAO has gained wide 
acceptance (Houslay et al., 1976 and Leung et al., 1981). 
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The MAO-A deaminates neurotransmitter amines such as 
5-hydroxytryptamine (5-HT) and noradernaline (NA) and 
is inhibited sepcifically by glergyline [N-methyl-N-
propargyl- 3 (2,4, dichlorophenoxyl) propylamine]. 
W h e r e a s t y p e B o x i d i z e s b e n z y l a m i n e and P 
phenylethylamine and is preferential ly inhibited by 
deprenyl phenylisopropylmethylpropinylamine (Tipton 
and Dellacorte, 1979). Both forms deaminate substrates 
such as tyramine and tryptamine (Houslay et al., 1976). 
The MAO-B activity increases in human brain 
in ageing (Robinson et al., 1972), while the MAO-A 
act ivi ty e i ther increases (Shih , 1979) or remains 
unchanged (Fowler et al., 1980). In old rats MAO-A 
activity was decreased significantly in all the regions 
s tudied excep t in the ce r ebe l l um, where it was 
unchanged. On the other hand, MAO-B activity increased 
in all the areas studied except in the brain stem, where 
it decreased (Leung et al., 1981: Danh et al., 1984). 
:« , r! ~ _""" •- : - -.''-. i* ;' This 
suggests that the mechanisms which alter the activities 
of the two forms are not related with each other. Any 
change in the usual amine concentration will disturb 
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their activities and result in convulsive seizures (Killian 
and Frey, 1973). Hence, it is likely that A1P also 
influences the monoamine concentration in the brain and 
might also be act ing through this mechanism in 
producing central toxic effects. 
2.27 Nucleic Acids (DNA and RNA): 
Nucleic acids play important role in protein 
synthesis. In the brain thels torage and transmission of 
genet ic information as well as t ransla t ion of this 
information leading to the systhesis of cellular proteins 
; • ••>•!. (White et al., 1978). 
The t issue components such as average cell 
densit ies, dry weight/average cell and total number of 
cells in each brain area understanding with the help of 
DNA (May and Grenell, 1959). Generally cells of brain 
are diploid and contain a fixed quantity of DNA per cell 
(Heller and Elliot, 1954). The amount of DNA in white 
matter approximately equals that in the cortex, and 
regional differences in the amount of brain DNA are 
relatively small (Elliot and Heller, 1957). However, only 
u. 
cerebellum has exceptionally high amojnts of DNA (May 
and Grenell, 1959). 
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The central role of DNA is in format ion 
transfer between generations of somatic cells. Burger 
(1957) found parallel changes of DNA in growing brain. 
The low point for DNA is in the third decade, the time 
at which the brain reaches its greatest weight. As the 
dry weight of the brain decreases steadily from the third 
decade of life through the ninth, it is important to 
estimate if this apparent increase is a real one in terms 
of the total amount of DNA present in the brain. To 
answer this question, the weight in grams of dry matter 
on the basis of the average size brain for each decade 
of life was calculated. The data sugjested that in the old 
brain, although there was loss of protein and lipid, there 
might be at the same time an increase in DNA which 
might be imputed in part to a proliferation of the glial 
elements. The increase in DNA in old age is due to two 
factors: an increase in pyknosis of the neurons and 
growth of glial elements (Burger, 1957). The decrease 
in DNA in the cytoplasm of brain cellsl (Hyden, 1955) Q"1^ 
break down of DNA in the presence of deoxiribonuclease 
enzyme. From our laboratory, Tayyaba et ali (1981) 
reported that there was a remarkable decrease in the 
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DNA level in all the brain regions studied after 
'metasys tox ' toxicosis. 
A knowledge of RNA is very helpful in the study 
of the rate of protein synthesis and also in understanding 
the functional status of the nervous tissue (Bergen et al., 
1974; Vijaya Kumar, 1987). The RNA amount in gray 
matter is usually higher J . in white matter (Mihailovic 
et al. , 1958). The nucleolus and in the Nissl substance 
of the cytoplasm of nerve cells have more RNA 
concentra t ion (Landstrom et a l . , 1941). The RNA 
concentration has also shown variations within different 
brain regions , the h ighes t concentra t ion being in 
cerebellum, hypothalamus and cerebral cortex and the 
lowest in medulla (May and Grenell, 1959). The break 
down of RNA takes place with the help of ribonuclease 
enzyme. 
RNA and protein synthesis may be involved in the 
accrual of sensory information in the brain, thus 
indicating a possible approach to elucidation of brain 
function on a molecular basis (Hyden, 1964). Edstron 
(1956) and Edstron and Pigon (1958) have reputed that 
there is a proportionality between RNA content and the 
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surface area of the cell body. Hyden (1964) has reported 
that the content of RNA neurons vary over a wide 
range. Increased RNA concentration due to metasystox 
neurotoxicity in cerebellum, brain stem, and spinal cord 
in the rat brain have been reported (Tayyaba et al., 1981 
Sastry and Siddiqui, 1984). The available literature 
indicates that the effects of OP compounds on brain 
nucleic acids is still inadequately understood. As the 
brain regions show remarkable heterogeneity in nucleic 
acid contents , it is reasonable to invest igate the 
neurotoxic effects of OP compounds and other pesticides 
on discrete brain areas. The present work deals with the 
effect of A1P on nucleic acids level in various regions 
of rat CNS. 
2.28. Protein: 
Proteins specific to the nervous system are of 
in te res t because they under l ine the developmental 
specialization and different ia t ion of the system3-*cells. 
These proteins are usually assayed in terms of their 
biological activity, for example, as enzymes or receptors 
for specific ligands or, more generally, as antigens. 
These properties are also frequently employed as aids in 
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the isolation and purification of the proteins. Many of 
the important proteins of nerve t i ssues , including 
entities at the synapse, are glycoproteins, that is, they 
contain oligosaccharide side chains attached to selected 
aspartate, and perhaps serine and threonine, residues of 
their polypeptide chains (Mahler, 1978). 
Protein, one of the many important biochemical 
components in the vertebrate brain, consti tutes 40% of 
the dry weight (McLlwain & Bachalard, 1971). The 
changes in the neuronal activity are accompanied by 
measurable changes in macromolecules like protein in 
brain cells. It has also been reported that the increased 
neuronal activity decreases or inhibits the synthesis of 
proteins (Hyden and Lange, 1972). The specific neuronal 
c. functions such as condu/tion of action potentials, and 
synaptic t ransmission are extensively mediated, by 
protein (Block, 1978). Recent evidences suggest the 
role of glycoproteins in a number of specific cell-cell 
interact ions, including intercellular adhesion and the 
mechanisms governing neural h is togenes is , regional 
brain differentiation and the specificity of neuronal 
associations (Margolis et al., 1975). 
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Takehara (1956 and 1957) mentioned the existence 
of a species-specific fraction and an organospecific 
fraction in the brain proteins. Also Caspara and Fiel 
(1963) described a brain speecific antigen. T h e S - 1 0 0 
protein (which is heterogeneous) is distr ibuted in all 
parts of the nervous system, both peripheral ly and 
centrally. It is probably a neuronal protein composing no 
part of the myelin sheath structure (Moore, 1965). 
Proteins in the brain are in a dynamic state. Synthesis 
and catabolism have been intensively studied by Lajtha 
(1961). 
Proteins are both implements and modulators of the 
autocatalytic and heterocatalytic system charged with 
genetic c o n t i n u i t y and its express ion, tha t is , as 
components of the replicate;; , t r an sc r ip t i ona l , and 
t r a n s l a t i o n a l a p p a r a t u s . P r o t e i n s d e s t i n e d for 
i n t r ace l l u l a r u s e , inc luding p e r i p h e r a l membrane 
proteins and proteins residing on the cytoplasmic aspect 
of plasma membranes, are synthesized by polysomal 
arrays in the cytosol, that is, unattached to membranes. 
Recent studies have disclosed that many proteins are 
subject to the post t rans la t ional modi f ica t ion by 
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controlled proteolysis of defined segments of the newly 
synthesized polypeptide chain (Lodish, 1976). It has 
been verified for protein synthesis in Aplysia, i s discrete 
neurons and neuronal clusters with defined function 
(Berry, 1976 and Loh et al., 1977). 
It has been evidenced that many environmental and 
nutrit ional factors may bring about the changes in the 
proteins McLlwain and Bachelard, 1971)."The decrement 
in the protein concentration in various regions of CNS 
has been observed in the rats treated with different 
dosces of metasystox (Tayabba et al., 1981). 
Brain, in general, has high rate of metabolic 
activit ies. It needs more proteins for expected high rate 
of protein turn over. This view is well correlated with 
the presence of large amount of cytoplasmic ribosomes, 
which gives large number of sites for protein synthesis 
(McLlwain and Bachelard, 1971). Any change in the 
protein concentration may influence the metabolic rate 
of the tissue. It requires rapid synthesis and renewal of 
protein. To analyse this view, in the present work, an 
attempt has been made to study the changes in the 
protein content of rat brain due to A1P treatment. 
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2.29 Acetylcholinesterase (AChE; Acetylchol inehydrolase) : 
AChE is one example of an enzyme tha t funt ions 
c 
ex t race l lu la r ly ; it is local ized at functionally spec ia l i sed 
pa r t s of plasma membranes , such as the e n d - p l a t e region 
of skeletal muscle . This enzyme has an a t t achment 
s e g m e n t tha t r e s e m b l e s c o l l a g e n in s t r u c t u r e and 
composi t ion (Lwebuga -Mukasa et al . , 1976) . AChE of 
skele ta l muscle is located in neuromuscu la r j u n c t ^ n , 
were it hydrolyzes the ACh re leased from the nerve 
t e rmina l . Three l ines of ev idence ind ica te th t AChE is 
assoc ia ted with the basal lamina of muscle r a the r than 
b e i n g an in tegra l par t of the p o s t s y n a p t i c p lasma 
membrane . Firs t , mild chemical t r ea tmen t s r e l ea se AChE 
from skeletal muscle or the e lec t r ic organs of Torpedo. 
Tissues t reated by mild enzyme hydrolys is (Massou l i e et 
a l . , 1970) , or e x t r a c t e d with h igh i o n i c s t r e n g t h 
s o l u t i o n s (Ha l l , 1972) r e l e a s e AChE. S e c o n d , the 
chemical s t ruc tures are a t tached to a f i l amentous tail 
that resembles col lagen fibri ls present in the basal 
lamina (Taylor et al . , 1977). 
AChE of brain behaves as if it were a s sess ib le to 
q u a t e r n a r y s u b s t r a t e s and i n h i b i t o r s ( K o e l l e and 
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Coauthor, 1963). They supposed that this fraction of the 
functional AChE is outward facing, and the reserve 
AChE is inward facing and in transit. The ability of 
peripheral cholinergically innervated tissues to form 
surplus ACh (Collier and Katz, 1971) in the presence of 
an anticholinesterase suggests that at least a small part 
of the enzyme transported by peripheral axons is still in 
the reserve orientation as it nears the synapses; cerebral 
cortex, which seems to have le: s of that ability, may 
posses only functional AChE. Most tissues contain 
several forms of AChE (Ulus et al., 1978. 3on et al; 
1979; Fasbraey, et al., 1990: and Shish, et al., 1993). 
These are catalytically identical glycoproteins, but they 
differ in molecular weight, ease of extraction and 
physical properties. 
The most c o n s p i c u o u s f ea tu re of all 
o r g a n o p h o s p h o r u s c o m p o u n d s is the i r s t ruc tu ra l 
complementarity with the target enzyme molecule, ChE. 
In essence, organophosphorus compounds mimic the 
gross molecular shape of the natural substrcate of ChE, 
ACh. ChE is perhaps one of the most studied enzymes 
in biological systems. The organophosphorus pesticides 
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mimic the na tura l subs t r a t e , ACh, by b ind ing i tse l f to 
t h e e s t e r a t i c s i t e of A C h E , r e s u l t i n g in t h e 
p h o s p h o r y l a t i o n of t h e e n z y m e wh ich is i n a c i t v e 
( C r e m l y n , 1978) . Pa ra th ion toxic i ty in r a t s showed 
reduced ChE act iv i ty (Du Bois et al. , 1949). Subsequen t 
r e s e a r c h e s have also shown that most of the O P ' s inhibi t 
AChE in the bra in of ve r t eb ra t e s after c ross ing the blood 
b r a i n ba r r i e r (Emsley et al , 1976). Ma la th ion also 
i nh ib i t ed the act ivi ty of AChE in the rat b ra in (Paul et 
a l . , 1979). The o rganophosphorus compound diaz inon 
inh ib i t ChE act iv i ty in the CNS and o ther par t s of the 
body and induce hyperg lycaemia (Dybing and Sognen, 
1958 and Weiss et al . , 1964) and increase the bra in level 
of ACh (Kar and Matin, 1971), resul t ing in s t imulatory 
e f fec ts , t r emors and convuls ions . The inac t iva t ion of 
A C h E as r e s u l t of OP p o i s o n i n g r e s u l t s in the 
accumula t ion of ACh at nerve endings (Coppage et al, 
1 9 7 5 ; C r e m l y n , 1978 ; Hall and K o l b e , 1980; and 
Fasbr iey , et al. 1990). Inhibi t ion of this enzyme by OP ' s 
is a resul t of firm b ind ing of phosphate rad ica l s of the 
O P ' s to the ac t ive s i tes of the enzyme ( Johnson , 1976). 
This p reven ts the smooth t ransmiss ion of nerve impulses 
a c r o s s the s y n a p t i c cleft (Murphy , 1980) , c a u s i n g 
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rest lessness, necrosis, tremor, ataxia, convulsions and 
depress ionaf respiratory centres (Murphy, 1980). It has 
been demonstrated by 'in vitro' studies that the enzyme 
inhibited by dimethyl-p-nitrophenyl phosphate is more 
unstable than that inhibited by the diethyl analogue 
(Aldridge, 1971). 
Anticholinesterase poisoning, if not too severe, can 
be relieved by treatment with atropine, supplemented by 
a suitable oxime (RCHNOH), if the poisoning is the 
result of a long-acting organophosphorus inhibitor. The 
oxime combines chemically with the phosphorus atom of 
inh ib i to r and so reac t iva tes the enzyme. It was 
previously reported that diacetyl^onoxime (DAM) readily 
crossed the blood brain barrier and was more effective 
than other oximes in reactivating the ChE in the brain 
(Holmstedt, 1959). 
Krupka and La id le r (1961) were espec ia l ly 
concerned with the structure of the active centre and the 
kinetics of enzyme action and inhibition. Their results 
p r o v i d e good e v i d e n c e on the a c t i v e s i t e of 
a c e t y l c h o l i n e s t e r a s e and i t s mode of ac t ion . 
Investigations on the effect of OP pesticides on brain of 
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Schematic illustration of major characteristics 
of synthesis, release etc- for a postganglionic ACh 
containing neuron. ACh
 = dots, n» nicotinic receptors, 
AChE a acetylcholinesterase, ChAT choline acetyltrans. 
ferase, Ch = choline, AcCoA- acetyl coenzyme A, m
 3 
muscarinic receptor, — = inhibitor of release , +• = 
stimulation of receptor* 
both target and non-target animals are abundant but 
l i terature on changes in AChE activity due to sublethal 
concentration are scanty, particularly in rats. Hence, an 
attempt have been made to study the extent of A1P 
neurotoxici ty and protective effect of vitamin E against 
A1P in various regions of rat CNS. 
>\ 
2.30 Aims and Objectives of the Present Study: 
Review of l i terature on Aluminium phosphide 
indica tes that most of the invest igat ions on brain 
focussed less attention to its regional heterogeneity. 
Since each region has its own function and biochemical 
const i tuents , it is now realised that more enlightment 
should come from the smaller divisions (Norton, 1980). 
e 
Hence, in the presjnt work, the rat brain has been divided 
in to d i f fe ren t reg ions i . e . , c e r eb ra l hemisphe re , 
(cerebrum) cerebellum, brain stem, and spinal cord to 
study the toxic effect of A1P. 
A1P commercially known as Quickphos (R) (Celphos), 
is one of many pesticides that is of wide use as a 
fumigant rodenticide in India. The literature on the 
effect of A1P on rat CNS is meagre and insufficient to 
understand the neurotoxicity of this pesticide on non-
4 
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target animals such as rat. Hence, A1P has been selected 
for the present study, and vitamin E was chosen as 
e 
an t iox idan t . The main ob jec t ives of the presto* 
investigations are as follows : 
1. Open Field Behaviour (OFB) study was done on 
different parameters: i.e. Ambulation, preening and 
rearing. 
2. To evaluate the quanti tat ive effect of phosphine on 
the various neurochemical parameters in different 
regions of CNS. The following parameters were 
studied : 
i. Cellular components : Total lipids & cholesterol. 
ii . Free radical substances : Lipid peroxides, lipid 
hydroperoxides. 
iii . Antioxidant substance : Total -SH, Free -SH 
(Reduced glutathione), oxidized glutatione (GSSG). 
iv. Antioxidant enzymes : Super oxide dismutase 
(SOD), glutathione reductase (GR), glutathione 
peroxidase (GSHPx) and glutathione-S-transferase 
(GST). 
75 
Catacholaminergic : Monoamine oxidase (MAO). 
Sub Cellular components : Nucleic acids (DNA) 
and RNA) and protein. 
Cholenergic system : Level of AChE activity. 
To observe the possible p ro tec t ive effect of 
antioxidant vitamin E on various neurochemical 
parameters , (i) LPO and LHPO (ii) GSH, GSSG (iii) 
SOD, GR, GSHPx MAO and GST. 
1 Lacunae in Knowledge 
A critical literature survey revealed that : 
Brain lipids are essential components of all cellular 
s t ructures and the level of lipids is altered during 
chemical stress. Regional studies of lipids in the 
different brain parts are relat ively limited in 
tmmber. The effect of A1P intoxication on lipids of 
the various regions of the CNS is not cleat. 
Lipid peroxidation is one of the major causes of 
pest icide toxicosis. It is a free radical mediated 
chain reaction. During chemical intoxication oxygen 
species are readily generated. No study could be 
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traced where the effect of AlP on the products of 
lipid peroxidation. (£uch as lipid peroxides & lipid 
hydroperoxides) was considered. 
Reac t ive oxygen spec i e s or oxygen -cen t e r ed 
radicals damage the cell, a precise nature of oxygen 
radicals produced in the brain & spinal cord was 
uncljar. The precise nature of oxygen radicals 
produced in the brain & spinal cord was unclear. 
The presence of diffusible antioxidants provides 
protection against free radicals . Glutathione is 
essential for the protection of cells and protective 
enzymes such as SOD, GR, GSHPx and GST, are 
responsible for defense against free radical induced 
damage. There was no study traceable to evaluate 
the effect of AlP on these enzymes in the rat brain. 
Effect of passage of t ime on the levels of 
monoamine oxidase (MAO) has been studied. 
However, investigations related to the effect of AlP 
on the MAO are lacking. 
Studies have been conducted to see the effect of 
senscence on the nucleic acids (DNA and RNA). 
DNA is central to genome a»^?EMf1^4;esponsible 
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for protein synthesis. However, the effect of A1P on 
regional distribution of nucleic acids has not been 
studied in rat brain and spinal cord. 
vi. Major constituents of the cellular organelles and 
biomembranes are proteins. Protein damage and an 
inc reased role of in t race l lu la r proteolysis by 
phosphine have been subjected cri t ical study. 
However, we could not find any such study where 
the effect of A1P have been studied in CNS of rat. 
vii . To es t imate the level of AChE. AChE is a 
neurotransmitter and responsible for transmission of 
message. However, information on the effect of A1P 
on AChE level in rats was not available. 
viii. Vitamin E (a-Tocopherol) inhibitor of free radicals. 
The effect of vitamin E on various regions of CNS 
in rats following A1P intoxication were not studied 
to date. 
2.32 The Scope of the Present Study : 
A1P is extensively used as a fumigant by farmers. 
It is especially used for the protection of seed grains 
from nematodes. Hypoxia has been claimed to be a 
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leading cause of death in cases of A1P poisoning 
(Chaudhury, 1994). In hypoxia death of neurons occurs 
within 1 to 5 minutes. It has also been reported that in 
hypoxic condition, brain lipid level decreases. But the 
effects of A1P poisoning on lipid metabolism, lipid 
peroxidation lipid hydroperoxidation and SOD activity 
have not been evaluated. It would be worth investigating 
whether l ike the organophosphate compounds , the 
inorganic A1P also possess any choli(estrase inhibiting 
activity and Glutathione metabolism. 
It has been reported that A1P is as toxic as KCN 
but no antidote is yet available against it. In proposed 
research to undertake indepth study of the machanism of 
neurotoxicity of A1P with the view of find out a suitable 
antidote has been undertaken. Earlier, Tayabba et al. 
( 1 9 8 5 ) from t h i s l a b o r a t o r y have s u c c e s s f u l l y 
d e m o n s t r a t e d the efficacy of v i t amin E aga ins t 
metasystox (an organophosphate pesticide) toxicity. 
The study is likely to open up new vistas regarding 
the effect of A1P and antioxidant, vitamin E ( a -
Tocopherol) on neurochemical mechanisms is different 
regions of the rat CNS. 
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MATERIAL 
& 
METHODS 
(Material and Methods] 
3.1 Materials 
Male albino rats of Charles Foster St[ain, weighing 
200 ± 20 g were obtained from the Central Animal House 
of J. N. Medical College, A.M.U., Aligarh. Animals were 
mainta ined in a well aerated animal room. Food 
(standard rat feed pellets from Hindustan Lever Limited, 
Bombay) and water were provided ad libitum. 
Pesticide 
A1P (Qickphos(R), Celphos) was obtained from M/ 
s Bharat Seeds Store, Aligarh. 
3.2 Methods 
3.2.1 A1P Administration 
A1P produce phosphine gas, which is highly toxic. 
The experimental animals were given the solution, orally, 
via a gavage. The volume administered was maintained 
at 2«0ml/kg body weight daily for 7 days. 
Cerebral 
hemisphere 
r Brain stem 
Spinal cord 
Dissection of di ff erent parts of the rat 
CNS (McEwen and Pratt 1970.). 
3.2.2 Treatment Protocol 
The treatment protocol (dose given mg/kg body 
weight), number of doses (single dose), number of 
administjations (repeated for 7 days). Animals were 
divided into four groups of six rats each. Group I, II 
& III were the experimental groups whereas rats of 
group IV served as control. 
Group- I: A freshly prepared solution of aluminium 
phosph ide (10 mg/kg , body we igh t ) in 
physiological saline was given to rats of this 
group by gavage (into the pharynx) daily for 
7 days. 
Group- II: To the animals of group II aluminium 
phosphide (10 mg/kg b.wt.) in combination 
with a-Tocopherol (150 IU/kg b.w.) by gavage 
for 7 days. 
Group- I I I : a - T o c o p h e r o l ( 1 5 0 I U / k g b .w. ) 
Intraperitoneally daily for 7 days. 
Group- IV: Animals served as control and an equal 
volume of physiological saline was given 
concurrently. 
3.3 Behavioral Study* 
Open Field Behaviour (OFB): 
3.3.1 Apparatus 
OFB apparatus used in presjnt study was similar to 
that used by Holland and Gupta (1966). Briefly it 
consisted of a wooden, circular open arena (82 cm 
diameter) surrounded by a wall (31 cm high). The 
wooden floor was marked with three centric circles 
which were divided into segments by livies radiating 
from the centre. These 25 units of approximately equal 
size were used to score ambulation of the animals during 
the test. Two types of stimuli were presented to the 
animals: while noise (78dB, Ref. Intensity 2xl0"4 dyn/ 
cm2) was produced by an ojcilator through four loud 
speakers; and light (165 FC) was shown by four lamps. 
A translucent glass screen enclosed the arena on all 
sides, the front side having a glass door through which 
the animals were placed in the arena. 
3.3.2 Procedure 
After one hour of treatment, each animal of both 
the treated and control groups was exposed daily for two 
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minutes in the apparatus, and the ambulation, preening 
and rearing responses were recorded by a th ree-
channelled hand operated counter. 
3.4 Ambulation 
It is defined as the walking score derived from the 
number of radical segments crossed by the animals. The 
placement of all the four limbs in one segment was- taken 
as one unit of ambulation. 
3.5 Preening 
Preecning response was determined by the number 
of times the animal scratched its face with the forelimbs. 
3.6 Rearing 
A rearing score of one was awarded when the rat 
stood on its hind limbs with the support of the wall, and 
two for standing without support. 
3.7 Neurobiochemical Studies: 
The rats were killed after drug administration and 
the brain was removed immediately and placed on ice. 
Thereafter brain wa-s - • dissected out into cerebrum, 
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cerebellum, brain stem and spinal cord, and each part 
homogenised in 10 ml chloroform : methanol (2 :1 , v/v) 
separately, but for the estimation of enzymes activity, 
the brains. w^e. *. homogenised in their respective buffer 
to g ive 10% (w/v) h o m o g e n a t e . The v a r i o u s 
neurochemical parameters were carried out according to 
the following methods. 
Parameters 
Total lipids (TL) 
Cholesterol (CHL) 
Lipid peroxidation (LPO) 
Lipid hydropjroxidation (LHPO) 
Total Sulfhydryl Groups (T-SH) 
Free sulfhydryl group (GSH) 
Glutathione oxidized (GSSG) 
Superoxide dismutase (SOD) 
Glutathione reduqase (GR) 
Glutathione peroxidase (GSHPx) 
Glutathione-S-transferase (GST) 
Monoamine oxidase (MAO) 
Nucleic Acids 
(i) DNA 
(ii) RNA 
Protein 
Acetylcholinesterase (AChE) 
Methods 
Woodman and Price (1972) 
Zlatis et al., (1954) 
Okhawa et al., (1979) 
Haldebrandt and Roots (1975) 
Sedlack and Lindsay (1968) 
Sedlack and Lindsay .(1968) 
Folbergrova et al., (1979) 
Marklund and Marklund(1974) 
Hazelton and Lang (1985) 
Lawrence and Burk (1976) 
Habig et al., (1974) 
Tabor et al., (1953) 
Burton (1956) 
Dische (1955) 
Lowry et al. (1951) 
Ellman et al., (1961) 
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3.8 Dissect ion of Brain into Discrete Regions: 
Cervical Dis locat ion 
For biochemical studies, where perfusion of the rat 
brain was not required, the animals were killed by 
cervical dislocation, one of the most acceptable methods 
of euthanasia. The control as well as experimental rats 
were grasped at their neck near the base of skull, with 
the thumb and forefinger of one hand, and hindlimbs and 
tail with the other. A swift but controlled motion 
separated the cervical vertebrae from the base of skull. 
This resulted in instantaneous loss of consciousness and 
loss of all vital signs within a few minutes. 
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3.9. Extraction of Lipids from Discrete Brain Areas: 
Different parts of the brain were homogenized in 
a glass homogenizer in chloroform- methanol (2:1 v/v) 
(40 mg/ml). Each homogenate was shaken periodically 
for an hour & filtered under vacuum through a sintered 
funnel (G-4). The residue of each test tube was again 
homogenized with 2.0 ml chloroform-methanol mixture 
and filtered. The test tubes were rinsed with fresh 
chloroform- methanol (2:1) and again filtered. The final 
volume of each extract was made to 10 ml with fresh 
chloroform methanol mixture. Thereafter, 2.5 ml of 
normal saline solution was added to the extract in each 
test tube (4:1 v/v). This was shaken vigorously on 
cyclomixer and placed at -20°C in a deep freeze 
overnight for complete separation of the two layers. The 
upper layer was used for the estimation of gangliosides 
and desired amount of the layer of each test tube was 
collected in stoppered tube with the help of syringe 
(long size) and stored at -20°C for 24 hours. The test 
tubes, in which the two layers were separated, were 
dried and the volume of the lower layer of each test tube 
was measured. The extract was used for the estimation 
of total lipids and cholesterol. 
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3.10. Estimation of Total Lipids: 
Total lipids were estimated accordinglthe method of 
Woodman and Price (1972) as follows: 
Principle: Colour was developed with the help of 
colouring reagent (phospho-vanillin) in the presence of 
H,S0 4 and O.D was read at 540 nm. H2S04 acts upon 
the double bonds on lipids to produce carbonium ion 
which simultaneously reacts with phosphate ester of 
vanillin to form a colored complex. 
Procedure: 0.1 ml of brain extract in duplicate was 
taken in 18 x 150 mm test tube. 2.5 ml of cone. H,SO„ 
was added to each test tube and heated on boiling 
water bath for 20 min. After cooling, 5.0 ml of colouring 
reagent (6.0g K2H,P04 and 0.39 g vanillin in 100 ml 
DDW) was added and absorption was read at 530 nm 
exactly after 10 min. against a reagent blank. 
A calibration curve with different concentration 
(100-600 ug) of standard brain lipids (extracted from rat 
brain) was prejared by adopting the same procedure as 
described above.The values of the standard curve were 
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plotted b^ least squares method. The concentration of 
total lipids in brain samp-les were calculated by the 
f o 11 o w i n g fo r m u 1 a: 
C x V 
Calculation: Total lipids (mg/g fresh wt.)= 
Vt. x Vt. 
where 
C = concentration of lipids in jig in 0.1 ml extract 
V = total volume of the lower layer 
Vt = volume taken for the estimation 
Wt = fresh weight of the tissue in mg. 
3.11 Estimation of Cholesterol: 
Cholesterol was estimated according to the method of 
Zlatis et al. (1954). 
Principle: Cholesterol when dissolved with acetic 
acid and in the presence of FeCl3-H2S04 reagent gets 
d e h y d r o g e n a t e d to 3 , 5 - c h o l e s t a d i e n e or ' 2 , 4 -
cholestadiene which simultaneously polymerizes and 
reacts with FeCl, to form a violet colour complex which 
is measured spectrophotometrically at 570 nm. 
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Procedure: 0.05 ml of different parts of brain extract 
in duplicate were^in test tubes, dried and dissolved in 
3.0ml of glacial acetic acid. Then 2.0 ml of working 
FeCl 3 was added and the c o n t e n t s were mixed 
thorouoJGjly. The tubes were kept in dark for 30 minutes 
and the O.D was then measured at 570 nm. Reagent 
blank and standard cholesterol solution (1.0 mg/ml) were 
also run simultaneously. 
Calculation 
C x V 
Cholesterol (mg/g tissue weight) = 
Vt x Wt 
3.12. Es t ima t ion of Lipid Pe rox ida t ion (LPO) : 
Rate of LPO was estimated by the method of 
Okhawa et al. (1979). 
Principle: Lipid and protein of brain tissue is 
detached by action of acetic acid. The protein in the 
reaction mixture is dissolved by the addition of sodium 
dodecyl sulphate. TBA reacts with lipid peroxide, 
hydroperoxide and oxygen labile double bond to form the 
colour adducts. 
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Procedure: 0.2 ml of each sub cellular fraction (in 
10% w/v of 1.5M KC1) was mixed with 1.0 ml of 20% 
acetic acid. Subsequently 0.2 ml of 8.0% aqueous SDS 
was mixed. After this, 1.5 ml of 0.8% TBA (pH-7.0) and 
1.1 ml of DDW were added (final volume was 4.0 ml). 
The above reaction mixture was incubated in a boiling 
wate r bath for an hour. After cool ing to room 
temperature, 3.0 ml of n-butanol was mixed in each test 
tube. The reaction mixture was then centrifuged at 
10,000 x g for 15 minutes. A clear butanol supernatant 
was used for measuring the O.D. at 532 nm against a 
reagent blank. 
Calculation: Standard absorbance of MDA (2.5 n mol) 
was used to calculate the amount of lipid peroxide in the 
samples and results were expressed as n mole of MDA/ 
g tissue weight. 
3.13 Estimation of Lipid Hydroperoxidation (LHPO): 
LHPO was estimated by the method of Haldebrandt 
and Roots (1975). 
Principle: This method is based on the formation of 
F e ( S C N ) , from fe r rous ammonium s u l p h a t e and 
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potassium thiocyanate on peroxidation of Fe2+ to Fe3+ by 
H 20 2 which results into the development of an intense 
pale colour. 
Procedure: 2.0 ml of brain homogenate (in 0.15M 
KC1, 10% w/v) was treated with 1.0 ml of 20% TCA. 
It was incubated at 0°C for 30 minutes and there after 
centrifuged at 14,000 x *g for 30 minutes in cold. 1.0 
ml of the clear supernatant was carefully mixed with 0.2 
ml of 10 mm Fe(NH4)2(S04)2 and 0.1 ml of 2.5M KSCN. 
The tubes were shaken thoroughly, kept for 10 minutes 
WAS 
and then O.Djread at 480 nm against a reagent blank. 
Calculat ion: S t a n d a r d a b s o r b a n c e of cumin 
hydroperoxide (4.On mol) was used to calculate the 
amount of lipid hudroperoxide in the samples and results 
were expressed as n mol of cumin hydroperoxide per 
g.wt. t issue. 
3.14 Estimation of Total Sulfhydryl Groups (T-SH): 
T-SH was estimated following the method of Sedlak 
and Lindsay (1968). 
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Principle: 5 - 5 ' - d i t h i o b i s - 2 - n i t r o b e n z o i c acid 
(DTNB) is reduced by -SH groups of glutathione (GSH) 
in alkaline medium to produce one mole of 2-nirto-5-
mercaptobenzoic acid per mole of -SH group.Since the 
anion (2-nitro-5-mercaptobenzoic acid) has an intense 
yellow colour, it can be used to measure -SH group at 
412 nm. 
Procedure: Var ious pa r t s of t he b ra in were 
homogenized in chilled 0.15M KC1 (10% w/v). In 0.1 ml 
brain homogenate, 1.5 ml of 0.2 M Tris— Succinic acid 
buffer (pH 8.2) and 0.1 ml of 0.01 M DTNB were added 
(total volume was 1.7 ml). The mixture was shaken and 
volume made up to 10 ml with 8.3 ml of absolute 
methanol. The reaction mixture was centrifuged at 
6,000x g for 5 minutes in cold. The O.D of the clear 
supernatant was read at 412 nm. A calibration curve 
with different concentrations of GSH (200-1600 u 
moles) was obtained according to the same procedure as 
described above. The values were plotted by least squares 
method. 
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Calculation Total -SH group in the samples were 
calculated using the standard curve and the results were 
expressed as u moks/g tissue. 
3.15 Estimation of Free Sulfhydryl Group (GSH): 
GSH was estimated by the method of Ellman (1959) 
as modified by Sedlak and Lindsay (1968). 
Principle: Same as for total sulfhudryl group 
estimation. 
Procedure: Different brain parts were homogenized 
(10% w/v) in chilled 0.15M KC1. Take 1.0 ml brain 
homogenate and add 1.0 ml of 10% TCA and then 
centrifuged at 6.000 x g for 5 minutes. 0.5 ml' clear 
supernatant was mixed with 0.5 ml DDW. Thereafter, 2 
ml of 0.4 M Tris-EDTA buffer (pH 8.9) and 0.1 ml of 
0.01 M DTNB were added to it with stirring. The O.D 
was read at 412 nm within 5 minutes of the addition of 
DTNB. 
Calculation: Free -SH (GSH reduced) in the samples 
were calculated using the standard curve of GSH (200-
1600 u moles and the results were expressed as u moles/ 
g tissue. 
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3.16 Est imation of Oxidized Glutathione (GSSG): 
GSSG was estimated by the method of Folbergrova 
et al. (1979). 
Principle: The estimation of GSSG by enzymatic 
method is based on the reduction of GSSG in the 
presence of NADPH and glutathione reductase and the 
determination of the decrease in NADPH absorbahce at 
340 nm. 
GR 
GSSH + NADPH —>NADP + + GSH 
H+ 
Procedure: The brain parts were homogenized in ice-
cold 1.0 mM EDTA solution (10% w/v). An aliquot of 
the homogenate was immediately transferred to tubes 
containing 0.1 ml of 0.05 M NEM and allowed to stand 
for 10 minutes at 0°C after mixing. The proteins were 
precipitated by the addition of 1.0 ml of ice-cold 12.0% 
TCA giving a final concentration of approximately 5.0% 
TCA. After thorough mixing the suspension was 
centjifuged at 0°C for 10 min at 3,000 rpm. The 
supernatant was extracted four times with solvent ether 
to remove TCA and NEM. Aliquots of supernatant were 
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then used for GSSG analysis. The reaction mixture 
consisted of 0.5 ml of 100 mM imidazole (glyoxaline) 
HC1 buffer (pH 7.5), 0.2 ml of 5.0 mM EDTA, 0.1 ml 
of 0.02% BSA, 0.1 ml of 0.002 mM NADPH and 0.1 ml 
cytosolic supernatant (total volume was 1.0 ml). The 
reaction was init iated by the addition of glutathione 
reductase (0.1 Unit per ml). The initial O.D was 
measured at 340 nm before addition of enzyme and the 
final read ings were made when the reac t ion was 
complete (5-10 minutes). Standard of GSSG (15 milli 
mole solution, range of 1.5 xlO"10 -10 9 ) was also run 
simultaneously. 
Calculat ion: GSSG content in the s a m p l e s was 
calculated using the standard curve and the results were 
expressed in u mol GSSG/g of wet t issue. 
3.17 Estimation of Superoxide Dismutase (SOD): 
SOD activity was measured by the method of 
Marklund and Marklund (1974). 
Principle: SOD principle depends upon autoxidation 
of pyrogallol. 
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autoxidation 
Pyrogallol + 0 2 >oxidation product+O.; (i) 
SOD 
20"2+2H+ >02+H202 (ii) 
Procedure: Different CNS parts (c leaned with 
normal saline) were homogenized in chilled 0.15M KC1 
was. 
(10% w/v). Homogenate Lcentrifuged in cool at 10,000 
rpm for 15 min. A 0.05 ml of clear supernatant was 
added to 2.85 ml of 0.05 M Tris- succinate buffer (pH 
8.2), mixed well and incubated at 25°C for 20 min. The 
reaction was started by adding 0.1 ml of 8 mM pyrogallol 
solution. The contents were shaken well and change in 
O.D per min. was immediately recorded for 3 min. at 420 
nm. A reference set, consisting of 0.05 ml of DDW 
instead of the sample solution (clear supernatant) was 
also run similarly. 
Calculation 
(A/min. ref—A/min. sample ) x 30 
SOD= units/lOmg tissue 
(A/min. ref/2 x 0.05 x 1) 
Where, 
A/min. ref. = change of O.D per min. in reference set 
A/min. sample = change of O.D per min. in sample set. 
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Activ i ty Unit: One unit of the enzyme is defined 
as the amount of enzyme which causes a 50% inhibition 
of pyrogallol autoxidation under assay conditions. 
3.18 Estimation of Glutathione Reductase (GR): 
Glutathione reductase was assayed by the method 
of Hazelton and Land (1985). 
Princ ip le : Glutathione reductase (GR) catalyzes the 
reduction of oxidized glutathione (GSSG) by NADPH to 
reduce glutathione (GSH) according to the following 
equation: 
GR 
GSSG + NADPH + H+ > NADP + + GSH 
The activity of the enzyme was measured by 
following the decrease in optical density/minute at 340 
nm during oxidation of NADPH. 
Procedure: The reaction mixture consisted of 0.1 ml 
of 0.1 mM NADPH, 0.2 ml of 3.0 mM GSSG, 0.1 ml of 
1.0 ml EDTA, 2.5 ml of 0.1M Tris-HCl buffer (pH 8.0) 
and 0.1 ml tissue supernatant (10% w/v in Tris-HCl 
buffer; enzyme source) in a total volume of 3.0 ml. The 
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reac t ion was in i t i a t ed by the addi t ion of t i ssue 
supernatant. Oxidation of NADPH was followed at 340 
nm. Reference reaction was also run simultaneously. 
Protein content in enzyme source was also determined 
(Lowry et al. 1951). Increase in optical density/minute 
was deduced. 
Calculation: Enzyme activity was calculated using the 
molar extinction coefficient of NADPH (6.22 x 103 M' 
1
 cm1) and results were expressed as n mole of NADPH 
oxidized per minute per mg protein. 
3.19 Estimation of Glutathione Peroxidase (GSHPx): 
GSHPx was assayed according to the method of 
Paglia and Valentine (1967) modified by Lawrence and 
Burk (1976). 
Principle: It measures the rate of GSH oxidation by 
H202 as catalyzed by the GSHPx present in the tissue 
supernatant. The substrate is maintained at a constant 
concentration by the addition of oxogenous GSSG-R 
and NADPH, which immediately converts any GSSG 
produced to the reduced form (GSH). 
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GSHPx GSSG-R 
2GSH+H202 ?H20+GSSG > 2GSH+2NADP+ 
2NADPH 
The rate of GSSG formation is then measured by 
following the desrease in absorption of the reaction 
mixture at 340 nm as NADPH is converted to NADP+ . 
P r o c e d u r e : The reaction mixture consisted 0.5 ml of 
50 mM potassium phosphate buffer (pH 7.0), 0.3 ml 
of EDTA (1.0 mM), 0.4 ml of N a N 5 (1.0 mM), 0.1 
ml of NADPH (0.2 mM), GSSG-R (purified enzyme) 
(1.0 E.U.), 0.1 ml of GSH (1.0 mM), 0.2 ml of H202 
(0.25 mM) and 0.9 ml of tissue supernatant (10% 
w/v in phosphate buffer; total volume is 2.5 ml). All 
ingredients except enzyme source (tissue supernatant) 
and H202 were combined at the begining of experiment. 
Tissue supernatant was added to the above mixture and 
allowed to incubate for 5 minutes at room temperature. 
The reaction was initiated by addition of H202 . Optical 
density at 340 nm was recorded for 5 minutes after 
30 seconds interval. Blank reaction with enzyme source 
replaced by distilled water wag- also carried out to find 
out the non enzymatic change, if any. Prc?tein| enzyme 
source was also determined. 
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Calculat ion: Enzyme activity was calculated on the 
bas is of molar ex t inc t ion coefficient for NADPH 
( 6 . 2 2 x l 0 3 M 1 Cm 1 ) . Results were expressed as n moles 
NADPH oxidized/min/mg protein. 
3.20 Estimation of Glutathione-S-Transferase (GST): 
Gluta thione-S-Transferase (GST) activity was 
assayed by the method of Habig et al. (1974). 
Principle: The enzyme activity is measured by 
following the increase of abcsorbance at 340 nm of 
CDNB-GSH conjugate generated as a result of GST 
catalysis between glutathione and l-chloro-2, 4-
dinitrobenzene (CDNB). 
GST 
CDNB + GSH — • > CDNB - GSH (conjugate 
product) 
In 0.1 ml of cytosol fraction (supernatant) 
(10% w/v in 0.15M KC1), 2.7 ml of 1.0 mM glutathione 
solution (prepared in 0.2 M phosphate buffer) and 0.2 
ml CDNB (1.0 mM) substrate prepared in acetone were 
mixed. The change in absorbance at 340 nm was 
recorded at room temperature after 15 sec. for 3 min. 
100 
against a blank containing 0.1 ml DDW in place of 
was 
supernatant. Protein content in enzyme source \ also 
determined. 
Calculation 
O.D x 625 
GST Activity = >U/mg/min/protein 
Cone.of protein (mg) 
The values were calculated on the basis of molar 
extinction coefficient of CDNB (9 .6x l0 3 M"1 cm"1) and 
specific activity of enzyme was expressed in n mole of 
u 
GSH- CDNB conjugate formed per minjte per mg protein. 
3.21 Estimation of Momoamine Oxidase (MAO): 
MAO activiy was determined by the method of 
Tabor et al. (1953). 
P r i n c i p l e : The benzy lamine unde rgoes ox ida t ive 
deamination in the presence of MAO and benzaldehyde 
is formed. 
R - C H , C H , N H + 0 + H , 0 >R-CH2CHO+H,0.fNH. 
2 2 Z 2 * * * -> 
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Procedure: The reaction mixture in a final volume of 
2.0 ml consisted of 0.4 ml of 0.5 M phosphate buffer 
(pH 7.2), 0.1 ml of M benzylamine hydrochloride and 
0.2 ml of brain homogenate (10% w/v in phosphate 
buffer). The reaction mixture was incubated at 37°C 
for 30 minutes. The reaction was stopped by the 
addition of 1.0 ml of 10% TCA (proteins were 
precipitated).TV,e<xbove reaction mix(ureLcentrifuged at 
2,500 rpm for 10 minutes in cold. The optical 
density of benzaldehyde formed was read in the 
supernatant at 250 nm against the blank containing 
0.2 ml of 0.44 M sucrose instead of brain supernatant. 
Protein concentrat ion were also determined by the 
method of Lowry et al.(1951). 
Calculat ion 
15.385 x OD/min 
Activity of MAO = • 
protein cons, (mg) 
The activity of MAO [ e x p r e s s e d as n moles 
benzaldehyde formed/min/mg protein. 
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3.22 Nucleic Acids: 
Principle: The procedure for the determination 
of nucleic acids described below is based on the 
finding that nucleic acids can be separated from other 
tissue compounds by their preferential solubility in 
hot TCA or PCA. The isolated nucleic acids are then 
quantitated by means of spectrophotomeric reactions 
involving the pentose compounds of the nucleic acids. 
Isolation of Nucleic Acids: 
Nucleic acids were isolated following the method of 
Searchy and Macinnis (1970). Weighed tissue of the 
different brain regions were homogenized (5% w/v in 0.5 
N HC104). The homogenates were boiled on water t>a^ h 
for 10 minutes, cooled and centrifuged at 3,000 x g for 
10 minutes. Supernatants were taken in graduated test 
tubes and the volume was maintained upto 5.0 ml ( with 
0.5 N perchloric acid). This extract was used in the 
estimation of DNA and RNA according to the following 
procedures: 
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3.22.1 Estimation of DNA: 
DNA was estimated following the method of 
Burton (1956). 
Principle: Deoxyribose is converted into highly 
r eac t ive hydroxy vu lna ldehyde , which reacts with 
diphenyl amine (DPA) to give a blue coloured cojplex. 
Deoxyribose sugar+DNA >hydroxy vulnaldehyde 
Procedure: 2.0 ml of the perchloric acid supernatant 
of nucleic acid extract was jakn in a test tube. To this 
4.0 ml diphenylamine ( 1 . 5 % in CH 3 COOH-H 2 S0 4 ) 
reagent was added and the tubes were heated on boiling 
water bath for 15 minutes. After cooling, the colour 
intensity was measured at 600 nm against a blank sample 
(2.0 ml DDW in place of supernatant). A standard curve 
was prepared by using standard solutions mg/ml in 
0.5 N HC104of DNA (100 to 600 jig) according to the 
same procedure. The values were plotted by the least 
square method. 
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Calculation 
C x V 
DNA quantity = 
Vt x Wt 
Where, 
C = Cone in mg (in 2.0 ml extract) 
Vt = Volume taken for the estimation 
Wt = Fresh weight of the brain in mg 
V = Total volume of the extract (4.0 ml) 
DNA in the reaction product was calculated using 
the standard curve of DNA that was run simulatneously 
with the test sample. Results were expressed as mg 
DNA/g fresh tissue weight. 
3.22.2 Estimation of RNA: 
RNA was estimated by the method of Dische (1955) 
Principle: Pentose sugars are converted to furfural 
derivatives by heating with cone. HCl. In the presence 
of FeCi3 solution the furfural derivatives react with 
orcinol and produce a green colored complex. 
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Procedure: 2.0 ml of the perchloric acid supernatant 
of nucleic acid extract was taken in a test tube, 4.0 ml 
of the orcinol reagent (33.0 mg FeC13 + 3.5 ml of 6% 
orcinol in 100ml HC1) was added to it. Test tubes were 
heated on boiling water bath for 15 minutes, cooled and 
the absorbance was read at 660 nm against a reagent 
blank (2.0 ml of DDW in place of sample). A calibration 
plot with different concentrations of RNA (100-600 ug) 
was drawn according to the same procedure as described 
above. 
Calculation: Same as for DNA 
RNA content in the samples was calculated using 
the standard curve. The results were expressed as mg 
RNA per g fresh tissue weigtvt. 
3.23 Estimation of Protein: 
Protein estimation was done by the method of 
Lowry et al. (1951). 
P r i n c i p l e : This method is based on colour reactions 
of amino acids tryptophan and tryosine with Folin phenol 
reagent. By the reaction of these amino acids with 
phosphomolybdic acid and phosphotungptic acid (Present 
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in Folin 's reagent) , a blue colour is formed. O.D was 
read at 625 nm. The colour is the result of reduction of 
phosphomolybdic acid and biuret reaction of proteins 
with Cu++ ions in alkaline medium. 
Reagents: 
(i) Copper regent 
A: 4.0% sodium carbonate in DDW 
B: 2.0% copper sulphate in DDW 
C: 4.0% (w/v) sodium-potassium tartrate in DDW 
Mixed A, B and C reagents in a ratio of 100:1:1 
respectively at the time of use. 
(ii) Folin-Ciocalteau phenol reagent 
2 N solution obtained commercially was diluted 1:1 
with double distilled water before uie . 
(iii) Standard bovine serum albumin (BSA) (1 mg/ml). 
Stock standard was diluted ten times to get the 
working standard of 100 ug/ml. 
Procedure :To 0.1 ml of tissue aliquot (residue left in 
the test tube after shaking was added to the 
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superna tan t for nuc le ic acid es t imat ion , was 
dissolved in 5.0 ml DDW).To this 5.0 ml of copper 
reagent was added and shaken well and incubated 
at 37°C. After 10 minutes 1.0 ml of Folin-
Ciocalteau reagent was added. Optical density of 
the blue colour developed was read at 625 nm 
exactly after 30 minutes. Standard protein solution 
(BSA, 20-100 jig) and blank were also run 
simultaneously. 
3.24 Estimation of Acetylchol inesterase (AChE): 
AChE was assayed according to the method of 
Ellman, et al. (1961). 
Principle: AChE e s t i m a t i o n is based on the 
measurement of the rate of production of thiocholine as 
AChE is hydrolysed. This is accompanied by the yellow 
anion of 5-thio-2-nitrobenzoic acid. 
Procedure: Different par ts of brain t i s sue ' were 
homogenized in 0.1M phosphate buffer (10 mg/ml; pH 
8.0) and centrifuged at 1,500 rpm in cold for 5 min., 
0.4 ml of DTNB reagent (39.6 mg DNTB and 15.0 mg 
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of NaHC0 3 in 10 ml of 0.1M phosphate buffer) was 
added and mixed well. O.D waslat 412 nm. 0.02 ml of 
the substrate was added and the changes in the O.D were 
recorded from 5th to 10th min at the interval of one 
minute. To determine non-specific esterase, 0.1 ml of 
eserine sulphate (0.1 raM; dissolved in 0.1 M phosphate 
buffer) was added to 0.4 ml of tissue supernatant, 2.5 
ml of phosphate buffer and 0.1 ml of DTNB reagent. The 
changes in O.D were recorded as described above, after 
adding 0.02 ml of substrate (0.075 M acetylthiocholine 
iodide). The enzyme activity was expressed as u moles 
of substrate hydrolysed per g tissue per minute. 
C a l c u l a t i o n 
A 1 
Rate of enzyme activity (R)= x 
1.36xl04 (400/3120/Co 
A 
R = 5.74 x 10-4 
Co 
A = Change in absorbance per min. 
Co = Original concentration of tissue (mg/ml) 
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[RESULTS! 
4.1 Physical Sign and Symptoms of AIP Toiicity: 
AIP intoxication was found to produce physical 
s igns such as d r i b b l i n g of sa l iva from mou th , 
tachyphnoea, restlessness followed by lerharginess and 
drowsiness. Diarrhoea, dizziness and tremors were also 
observed in experimental animals. Weight of the treated 
rats also decreased. 
4.2 Calibration of Standard Curves: 
The s t a n d a r d c u r v e s of d i f f e r e n t known 
concentrations of the total lipids, cholesterol, DNA, 
RNA, protein, MAO, GSSG and Glutathione reduced 
(GSH) were calibrated against their O.D., respectively. 
The concent ra t ion of various lipid f ract ions was 
calculated from individual standard curves. 
4.3 Open Field Behaviour (OFB) Study: 
OFB study was also observed with AIP toxicosis on 
OFB parameters, such as 
(i) Ambulation (ii) Preening (iii) Rearing 
4.3.1 Ambulation: 
Singnificant depletion (p<0.001) was observed 
from the third day of toxication . On the seventh and 
last day, maximum decrease was noticed (-94.5%) Table-
1. 
4.3.2 Preen ing : 
The preening also showed significant decrement 
(p<0.001) on third day and also maximum on last day 
of toxicosis (-71.4%) Table-2. 
4.3.3 Rearing: 
The rearing score, was reported to show significant 
depletion (p<0.001) from the fifths day. On seventh day 
maximum decrease was observed (-83.8%) Table-3 
Protective effect of vitamin E (150 IU/kg b .wt .Jp) on 
ambulation, preening and rearing were observed (Fig.1*1,2.1 
& 3.1) 
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Table - 1 
Perturbation in the ambulation score of the rats treated 
with Aluminium Phosphide (lOmg/kg b.wt., gavage) 
daily for 7 days: Protection by a-Tocopherol 
Three observat ions dai ly for 6 rats 
Control 
Mean 
17.380 
±SE 
0.640 
Days 
0 
1 
3 
5 
7 
Experiment-1 (A1P ) 
Mean 
16.950 
16.986 
13.450* 
7.398" 
0.950 
±SE 
0.300 
0.240 
0.380 
0.160 
0.300 
%change 
NS 
NS 
-22.6 
-57.4 
-94.5 
Expreiment-2 (AlP+Vit. E) 
M e a n 
17.080 
17.125 
17.206 
17.309 
17.092 
±SE 
0.12 
0.15 
0.45 
0.50 
0.21 
%change 
NS 
NS 
NS 
NS 
NS 
±SE = Standard Error: NS = not significant; (a) p< 
(0.01);(b) p< (0.001) 
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Ambulation Score Protective 
by Vitamin-E 
(150 IU/kg.b.wt.,ip.) 
so 
15 A 
10 H 
51 
0 
0 Day 1 Day 3 Days 5 Days 7 Days 
E 3 Control E 3 Treated(AlP) E22 Vit-E+jUP 
Fig, No, l . i 
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Table - 2 
Perturbation in the Preening score of the rats treated 
with Aluminium Phosphide (lOmg/kg b.wt., gavage) 
daily for 7 days : Protection by a-tocopherol 
three observations daily for 6 rats 
Control 
Mean 
14.45 
±SE 
0,910 
Days 
0 
1 
3 
5 
7 
Experiment-1 (A1P ) 
Mean 
14.15 
14.20 
10.26' 
9.36b 
4.13b 
±SE 
0.39 
0.65 
0.45 
0.74 
0.65 
%change 
NS 
NS 
-28.9 
-35.2 
-71.4 
Expreiment-2 (AlP+Vit. E) 
Mean 
14.06 
14.38 
15.06 
13.95 
11.90 
±SE 
0.64 
0.59 
0.74 
0.48 
0.36 
%change 
. NS 
NS 
NS 
NS 
•NS 
±SE = Standard Error;NS = not significant; (a) p< 
(0.01 );(b) p< (0.001) 
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Preening Score Protective 
by Vitamin-E 
(150 IU/kg.b.wt.,ip.) 
0 Day 1 Day 3 Days 5 Days 7 Days 
E 3 Control Treated(AlP) E2J Vit-E+AlP 
Fig. No, 2.1 
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Table -3 
Perturbation in the rearing score of the rats treated 
with Aluminium Phosphide ( lOmg/kg b.wt., gavage) 
daily for 7 days: Protection by a-Tocopherol 
Three observations daily for 6 rats 
Control 
Mean 
12.45 
±SE 
1.25 
Days 
0 
1 
3 
5 
7 
Experiment-1 (A1P ) 
Mean 
12.54 
12.34 
10.09' 
5.26b 
2.01b 
±SE 
1.52 
0.63 
0.51 
0.42 
0.290 
%change 
NS 
NS 
-18.9 
-57.7 
-83.8 
Expreiment-2 (AlP+Vit. E) 
Mean 
12.39 
12.085 
12.35 
12.40 
11.965 
±SE 
0.69 
1.11 
1.20 
0.96 
0.90 
%change 
NS 
NS 
NS 
• NS 
NS 
±SE = Standard Error;NS = not significant ; (a) p< (0.01);(b) p< (0.001) 
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Rearing Score Protect ive 
by Vi tamin-E 
(150 IU/kg.b.wt.,ip.) 
co CO 
T ** 
CO CO 
z z 
CO CO 
! 
i 
00 I i 
CO 
A 
0 Day 1 Day 3 Days 5 Days 7 Days 
ESI Control EZ3 Treated(AlP) E22 Vit-E+AlP 
Fig, No, 3.1 
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4.4 N e u r o b i o c h e m i c a l O b s e r v a t i o n s : 
The fo l lowing n e u r o c h e m i c a l p a r a m e t e r s , were 
chosen to de te rmine how closely related are the regional 
changes which occur in different regions of central 
nervous system, following AIP toxicosis The pro tec t ive 
effect of a- tocopherol (vi tamin E) was also observed. 
4.4 .1 Brain L i p i d s : 
The resul ts are p resen ted in tables 4 and 5. The AIP 
associa ted a l te ra t ions of total lipids and cholesterol in 
the different regions of the rat brain and spinal cord 
after 7 days in tox ica t ion are given below. 
4 .4 .2 Total L ip ids : 
The total l ipids level in different regions of brain 
and s p i n a l co rd a re d e s c r i b e d ( t a b l e 4 ) . The 
c o n c e n t r a t i o n of t o t a l l i p i d s s h o w e d t h e r a n k 
o rde r |CBL>CBM>BS>SPC. 
After toxicosis of AIP solution the content of total 
l i p id s were d e c r e a s e d s ign i f ican t ly in c e r e b e l l u m , 
cerebrum, brain stem and spinal cord by -40 .22%, -
39 .62%. -31.86% and -24 .59%, respect ively. 
Table 4 
Alteration of Total Lipids in different regions of the 
rat CNS after the exposure to Aluminium phosphide 
(10 mg/Kg.b.wt, gavage) daily for 7 days. 
Total Lipids content (mg/g tissues) (n=6) 
Reg ions 
CBM 
CBL 
BS 
SPC 
C o n t r o l 
Mean 
141.30 
139.20 
190.23 
240.85 
±SE 
4.32 
2.10 
8.93 
5.45 
T r e a t e d 
Mean 
101.20 
99.27 
144.26 
193.30 
±SE 
6.35 
3.62 
4.73 
5.40 
"/•Change 
-39.62 
-40.22 
-31.86 
-24.59 
pValue 
<0.001 
<0.001 
<0.01 
<0.05 
±SE = Standard Error; n = no. of rats. 
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4.4.3 Cholesterol: 
AIP intoxicosis led to remarkable depletion in the 
levels of choles terol ( table 5) in the cerebrum, 
cerebellum and spinal cord by -16.47%, -13.16% and -
11.65%, respectively. Maximum progressive inhibition of 
cholesterol was in cerebrum (-16.47%), while . non 
significant change in brain stem (-10.345). 
4.4.4 Lipid Peroxidation: 
Effect of AIP: The levels of the rate of lipid 
peroxidation was reported to increase significantly in 
various regions of the brain and spinal cord,after the 
treatment with AIP (Table-6). Values were found to 
increase in the following order: Cerebellum> Cerebrum> 
Spinal cord> Brain stem 
by +22.11%, +21.16%, +18.89%, respectively. 
Effect of Vitamin E: Interestingly, when vitamin E 
(150 IU/Kg b.wt,ip) was injected s imul taneous ly with 
AIP, a significant depletion in the lipid peroxidation 
level was observed in various regions of brain and spinal 
cord of experimented rats (Fig.6.J). The rate of lipid 
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Table 5 
Alteration of Cholesterol in different regions of the 
rat CNS after the eiposure to Aluminium phosphide 
(10 mg/Kg.b.wt, gavage) daily for 7 days. 
The levels of Cholesterol (mg/g tissues) (n=6) 
Regions 
CBM 
CBL 
BS 
SPC 
Control 
Mean 
20.40 
21.35 
28.02 
36.20 
±SE 
0.70 
0.68 
0.79 
1.25 
Treated 
Mean 
17.04 
18.54 
25.18 
31.98 
±SE 
0.75 
0.62 
0.80 
0.86 
% Change 
-16.47 
-13.16 
-10.34 
-11.65 
pValue 
0.01 
<0.05 
NS 
NS 
±SE = Standard Error; NS = Not significant; n = no. of rats. 
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Table 6 
Alteration of Lipid peroxidation in different regions 
of the rat CNS after the exposure to Aluminium 
Phosphide (10 mg/Kg.b.wt, gavage) daily for 7 days. 
Lipid peroxidation n mol of MDA/g tissues weight (n=6) 
Regions 
CBM 
CBL 
BS 
SPC 
Control 
Mean 
326.00 
377.42 
314.70 
322.50 
±SE 
14.3 
16.9 
1.08 
15.4 
Treated 
Mean 
395.00 
460.90 
371.50 
383.45 
±SE 
8.43 
12.80 
13.40 
14.60 
% Change 
21.16 
22.11 
18.04 
18.89 
pValne 
<0 001 
<0.001 
<0.01 
<0.01 
±SE = Standard Error; n = no. of rats. 
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Protec t ive Role of Vi tamin-E 
on t h e r a t e of LPO 
(150 IU/kg.b.wt., Orally) 
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Fig, No, 6.1 
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peroxidation was observed to be near the control values 
in different regions of CNS. 
4.4.5 Lipid Hydroperoxidation: 
Effect of AIP: Table 7 shows " the levels of 
LHPO found in different regions of brain and spinal 
cord. The levels of LHPO were higher in CBL by 
+26.86%. In other regions, the rank order was: Spinal 
cord> Brain stem> Cerebrum. 
Effect of Vitamin E: When vitamin E (150 IU/Kg b. 
wt ip, for 7 days) was given, a significant change in 
the values of LHPO was observed in various regions of 
brain and spinal cord of rats when compared with 
their respective controal values (Fig.7,4). 
4.5 Antioxidant System: 
4.5.1 Total -Sulfhydryl Groups (T-SH): 
The concentration of T -SH groups was reported 
to be significant in CBL and BS but less siginigicant 
in CBM and SPC (table 8). 
The maximum depletion was observed in cerebellum 
(-26.24%) followed by brain stem (-24.81%). 
124 
Table 7 
Alteration of Lipid Hydroperoxidation in different 
regions of the rat CNS after the exposure to Aluminium 
phosphide (10 mg/Kg.b.wt., gavage) daily for 7 days. 
The levels of LHPO (n mol of cumine Hydroperoxide/g tissue (n=6) 
Regions 
CBM 
CBL 
BS 
SPC 
Control 
Mean 
18.968 
27.954 
17.116 
21.589 
±SE 
0.89 
1.25 
0.85 
1.21 
Treated 
Mean 
22.456 
35.463 
20.989 
26.486 
±SE 
1.45 
1.96 
1.60 
1.58 
% Change 
13.38 
26.86 
22.62 
22.70 
pValne 
<0.05 
O.001 
<0.01 
<0.01 
±SE = Standard Error; n = no. of rats. 
A 
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Protect ive Role of Vitamin 
on the r a t e of LHPO 
(150 IU/kg.b.wt., Orally) 
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Table 8 
Alteration of T-SH in different regions of the rat 
CNS after the exposure to Aluminium phosphide 
(10mg/Kg.b.wt., orally) daily for 7 days. 
The levels of total sufhydryl (jp mole/g tissue) (n=6) 
Regions 
CBM 
CBL 
BS 
SPC 
Control 
Mean 
10.614 
11.050 
10.541 
10.190 
±S-E 
0.95 
0.59 
0.84 
0.45 
Treated 
Mean 
8.100 
8.180 
7.925 
8.040 
±SE 
0.54 
0.43 
0.39 
0.45 
% Change 
-23.60 
-26.24 
-24.81 
-21.86 
pValne 
<0.01 
<0.001 
<0.001 
<0.01 
±SE = Standard Error; n = no. of rats. 
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4.5.2 Glutathione Reduced (GSH): 
Effect of A1P: Table-9 shows the levels of free 
sulfhydryl group. The concentration of GSH in different 
parts of the brain and spinal cord is decreased after A1P 
toxicosis. The maximum reduction was noticed in CBL 
by -20.74% and less in CBM by -15.53%. The increasing 
rank order was: SPC<CBM<BS<CBL. 
Effect of Vitaimn E: Vitamin E administration (150 
IU/kg b.wt.) was observed to induce significant of GSH 
contents in different regions of CNS (p<0.01) (Fig.9, l ) . 
4.5.3 Oxidized Glutathione (GSSG): 
GSSG levels in different regions of brain and spinal 
cord following A1P intoxication are given in table 10. 
The levels of GSSG in different regions of CNS showed 
values increasing in the following order: CBL> BS> 
CBM> SPC. 
Maximum increment was found in CBL by 24.36% 
following BS by 23.10%. In cerebrum the rise in the 
levels of GSSG was 20.40% and in spinal cord 19.31%. 
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Table 9 
Alteration of Free-SH (GSH) in different regions of 
the rat CNS after the exposure to Aluminium 
phosphide (10 mg/Kg.b.wt, orally) daily for 7 days. 
The leve l s of GSH (u, moles /g t i s sue ) (n=6) 
Regions 
CBM 
CBL 
BS 
SPC 
Control 
Mean 
4.050 
5.205 
3.921 
4.150 
±SE 
0.15 
0.22 
0.18 
0.09 
Treated 
Mean 
3.421 
4.12.5 
3.194 
3.450 
±SE 
0.18 
0.21 
0.20 
0.17 
• 
% Change 
-15.53 
-20.74 
-18.54 
-16.86 
pValne 
<0.05 
<0.01 
<0.05 
<Q.05 
±SE = Standard Error; n = no. of rats. 
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Protect ive Role of V i t amin -E 
on t he Levels of GSH 
(150 IU/kg.b.wt. , Orally) 
EX3 Control 
E52 Tit-E 
E D Treated(AlP) 
d 3 Tit-E+AlP 
Fig, No, 9.1 
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Table 10 
Alteration of Oxidized Glutathione in different 
regions of the rat CNS after the exposure to 
Aluminium phosphide (10 mg/Kg.b.wt, orally) 
daily for 7 days. 
The levels of GSSG (u.m/g t issue) (n=6) 
Regions 
CBM 
CBL 
BS 
SPC 
Control 
Mean 
2.284 
2.569 
2.116 
2.175 
±SE 
0.06 
0.05 
0.07 
0.09 
Treated 
Mean 
2.750 
3.195 
2.605 
2.595 
±SE 
0.05 
0.04 
0.08 
0.06 
"/•Change 
20.40 
24.36 
23.10 
19.31 
pValne 
<0.01 
<0.001 
<0.01 
<0.05 
±SE = Standard Error; n = no. of rats. 
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Pro tec t ive Role of Vi tamin 
on t h e Levels of GSSG 
(150 IU/kg.b .wt . , Orally) 
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Effect of Vitaimin E: Fig.lQ.lshowes reduced levels 
of GSSG after treatment with vitamin E (150 lU/dg. 
b.wt.) alone (p<0.001). When vitamin E was given with 
AIP solution, a remarkable protection against the 
elevation of GSSG was observed in various regions of 
the CNS of tats (p<0.001). 
4.5.4 GSSG/GSH Ratio: 
The ratio of GSSG/GSH are given in table 11. In 
CBL the ratio is maximum followed by BS,SPC & CBL 
(p<0.001). 
4.5.5 Superoxide Dismutase (SOD): 
The SOD activity was found to decrease in all the 
regions of brain and spinal cord followed by AIP 
treatment (Table-12). 
The activity of SOD was maximally depleted in 
brain stem by (-56.47%) followed by cerebrum(-46.00%), 
CBL (-42.25%) and SPC (-13.02%). 
Effect of Vitamin E: Protective effect of vitamin E 
against AIP induced inhibition of SOD is given in Fig.1.2,1 
Following the simultaneous treatment of vitamin E (150 
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Table 11 
Alteration of the ratio of GSSG/GSH in different 
regions of the rat CNS after the exposure to Aluminium 
phosphide (10 mg/Kg.b.wt, orally) daily for 7 days 
Regions 
CBM 
CBL 
BS 
SPC 
The ratio of 
Control 
0.564 
0.493 
0.539 
0.524 
GSSG/GSH 
Treated 
0.804 
0.774 
0.815 
0.752 
(n=6) 
%Change 
42.55 
59.99 
51.20 
43.546 
pValue 
<0.01 
<0.001 
<0.001 
<0.01 
±SE = Standard Error; n = no. of rats. 
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Table 12 
Alteration of SOD activity in different regions of 
the rat CNS after the exposure to Aluminium 
phosphide (10 mg/Kg.b.wt, orally) daily for 7 days. 
The SOD act 
Regions 
CBM 
CBL 
BS 
SPC 
ivity (Units/mg pro te in) (n=6) 
Control 
Mean 
2.249 
2.020 
2.300 
2.690 
±SE 
0.042 
0.03 
0.029 
0.025 
Treated 
Mean 
1.21 
51.16 
1.02 
1.86 
±SE 
0.036 
0.038 
0.040 
0.020 
% Change 
-46.00 
-42.25 
-56.47 
-31.0 
p Value 
< 0 . 0 0 1 
<0.001 
<0.001 
<0.01 
±SE = Standard Error; n = no. of rats. 
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Protec t ive Role of Vi tamin-E 
on the Activity of SOD 
(150 IU/kg.b.wt. , Orally) 
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Fig, No,12.1 
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IU/kg. b. wt., ip) and AIP, no significant change in the 
SOD activity was observed. 
4.5.6 Glutathione Reductase (GR): 
The activity of GR in various CNS parts are showed 
in table 13 after AIP in toxicat ion. The maximum 
depletion in the activity of GR was foud in CBL and BS 
(-22.89% and -17.81% respectivley). 
Effect of Vitamin E: After treatemnt of vitamin E (150 
IU/kg. b. wt. ip.) significant elevation of GR activity 
(p<0.001) was observed in different regions of rat brain 
and spinal cord (F ig l l . J ) . 
4.57 Glutathione Peroxidase (GSHPx): 
The GPx activity followed by AIP toxicity in 
different regions of CNS is given in table 14. The 
maximum depletion by -21.08% in the activity of GSHPx 
was noted in BS followed by SPCCBM and CBL. 
Effect of Vitamin E: Protective effect of vitamin E 
showed significant elevation of above mentioned enzyme 
in various regions of CNS. But there was no effect of 
vitamin E against the AIP induced depletion of GSHPx 
activity ( F i g u . i ) 
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Table 13 
Alteration of GR activity in different regions of 
the rat CNS after the exposure to Aluminium 
Phosphide (10 mg/Kg.b.wt., orally) daily for 7 days. 
The GR activity (n mole of NADPH oxidized/min/mg protein) (n=6 
Regions 
CBM 
CBL 
BS 
SPC 
Control 
Mean 
25.61 
27.29 
23.98 
19.52 
±SE 
1.15 
1.10 
1.20 
0.68 
Treated 
Mean 
20.08 
21.04 
19.84 
15.75 
±SE 
1.22 
1.51 
1.25 
0.70 
% Change 
-21.58 
-22.89 
-17.81 
-19.32 
pValue 
<0.01 
<0.01 
NS 
<0.05 
±SE = Standard Error; n = no. of rats; NS = not significant. 
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Protect ive Role of V i t amin -E 
on t h e Activity of GR 
(150 IU/kg.b.wt., Orally) 
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Fig, No, 13.1 
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Table 14 
Alteration of GSHPx activity in different 
regions of the rat CNS after the exposure to 
Aluminium phosphide (10 mg/Kg.b.wt, orally) 
daily for 7 days. 
The GSHPx activity (n mole of NADPH oxidized/min/mg protein) (n=6' 
Regions 
C B M 
C B L 
BS 
SPC 
Control 
Mean 
47.610 
81.850 
85.490 
94.960 
' ±SE 
2.12 
2.90 
2.39 
3.15 
Treated 
Mean 
38.390 
66.14 
67.465 
75.380 
±SE 
2.65 
02.85 
1.79 
3.65 
% Change 
-19.36 
-19.19 
-24.08 
-20.62 
pValne 
<0..05 
<0.05 
<0.01 
<0.01 
±SE = Standard Error; n = no. of rats. 
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Protect ive Role of Vi t amin-E 
on t h e Activity of GSHPx 
(150 IU/kg.b.wt., Orally) 
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4.5.8 Glutathione-S-Transferase (GST): 
The significant depletion in the activity of GST was 
observed in different regions of rat CNS following 
AIP intoxication (Table 15). 
The maximum inhibition was noticed in CBL (-
28.96%) followed by CBM (-25.59%) SPC (-24.48%) and 
BS (-22.56%). 
Effect of Vitamin E: P r o t e c t i o n by Vi tamin E 
against AIP toxicosis is not significant in different 
regions of rat brain and spinal cord (Fig.1 SO.) in relation 
to GST activity. 
4.5.9 Monoamine Oxidase ( M A O ) : 
Table 16 showed enhancement of MAO activity in 
d i f fe ren t r e g i o n s of rat CNS fo l lowed by AIP 
administration. The activity of MAO was maximally 
increased in brain stem (22.27%) and minimally in spinal 
cord (15.92%). In CBL and CBM the MAO activity was 
almost equal (20.05% and 19.15%). 
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Table 15 
Alteration of GST activity in different regions of 
the rat CNS after the exposure to Aluminium 
phosphide (10 mg/Kg.b.wt, orally) daily for 7 days. 
Reg ions 
CBM 
CBL 
BS 
SPC 
Control 
Mean 
156.540 
150.980 
135.10 
144.78 
±SE 
3.95 
4.25 
5.65 
7.01 
Treated 
Mean 
116.47 
107.25 
104.52 
108.81 
±SE 
4.30 
3.95 
5.12 
3.65 
% Change 
-25.59 
-28.96 
-22.56 
-24.48 
pValue 
O.001 
<0.001 
<0.01 
<0.01 
±SE = Standard Error; n = no. of rats. 
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Protec t ive Role of Vi tamin-E 
on the Activity of GST 
(150 IU/kg.b.wt. , Orally) 
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CH3 Yit-E+AlP 
Fig, No, 15.1 
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Table 16 
Alteration of MAO activity in different regions of 
the rat CNS after the exposure to Aluminium 
phosphide (10 mg/Kg.b.wt, orally) daily for 7 days. 
The MAO activity (n mole of benzaldehyed/min/mg protein) (n=6) 
Regions 
C B M 
CBL 
BS 
SPC 
Control 
Mean 
2.182 
2.074 
1.805 
1.639 
±SE 
0.063 
0.045 
0.036 
0.049 
Treated 
Mean 
2.598 
2.490 
2.207 
1.900 
±SE 
0.034 
0.038 
0.040 
0.04 
% Change 
19.15 
20.05 
22.27 
15.92 
pValne 
<0.05 
. <0.05 
<0.01 
NS 
±SE = Standard Error; n = no. of rats; NS = not significant. 
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Pro tec t ive Role of Vi tamin 
on t h e Activity of MAO 
(150 IU/kg.b.wt . , Orally) 
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Fig . NO, 16.1 
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Effect of Vitamin E: After treatment of vitamin E 
(150 IU/kg b.wt., ip). Significant elevation of MAO 
activity was observed in all the regions of rat CNS 
(Figl6.)L) 
4.6 Nucleic Acids : 
4.6.1 Deoxvribonucelic Acid (DNA) : 
DNA concentration was found to be decreased 
signigicantly in different regions of the CNS of AIP 
treated rats (Table- 17). The maximum depletion was 
observed in CBL (-22.99%) followed by SPC (-22.62%), 
CBM (-21.78%) and BS (-19.04%). 
4.6.2 Ribonucleic Acid (RNA): 
The neurochemical alteration in the levels of RNA 
was observed following AIP toxication. The maximum 
increase in RNA content was seen in cerebellum 
(31.43%) followed by spinal cord (27.01%) (Table- 18). 
4.6.3 RNA/DNA Ratio: 
The RNA/DNA ratio in different parts of the CNS 
following AIP toxicosis is mentioned in table 19. The 
maximum value was found in the CBM (1.37 fold) 
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Table 17 
Alteration of levels of DNA in different regions of 
the rat CNS after the exposure to Aluminium 
phosphide (10 mg/Kg.b.wt, orally) daily for 7 days. 
The levels of DNA (mg/g wt of wet t issue) (n=6) 
Regions 
CBM 
CBL 
BS 
SPC 
Control 
Mean 
2.901 
5.986 
1.841 
1.790 
±SE 
0.051 
0.07 
0.056 
0.045 
Treated 
Mean 
2.382 
04.370 
1.491 
1.385 
±SE 
0.034 
0.065 
0.060 
0.030 
% Change 
-21.78 
-26.99 
-19.04 
-22.62 
pYalue 
<0.01 
<0.001 
<0.05 
<0.01 
±SE = Standard Error; n = no. of rats. 
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Table 18 
Alteration of levels of RNA in different regions of 
the rat CNS after the exposure to Aluminium 
phosphide (10 mg/Kg.b.wt, orally) daily for 7 days. 
The levels of RNA (mg/g wt. of wet tissue) (n=6) 
Regions 
CBM 
CBL 
BS 
SPC 
Control 
Mean 
2.680 
1.985 
1.662 
1.440 
±SE 
0.038 
0.049 
0.025 
0.029 
Treated 
Mean 
3.266 
2.609 
2.029 
1.829 
±SE 
0.09 
0.08 
0.06 
0.08 
'/•Change 
18.65 
31.43 
22.08 
27.01 
pValne 
<0.05 
<0.001 
<0.01 
<0.001 
±SE = Standard Error; n = no. of rats. 
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Table 19 
Alteration of levels of RNA/DNA in different regions of 
the rat CNS after the exposure to Aluminium phosphide 
(10 mg/Kg.b.wt., orally) daily for 7 days 
Regions 
CBM 
CBL 
BS 
SPC 
The ratio of RNA/DNA (n=6) 
Control 
0.924 
0.331 • 
0.903 
0.804 
Treated 
1.371 
1.360 
1.360 
1.320 
%Change 
48.37 
50.60 
50.60 
64.17 
pValue 
<0.01 
<0.001 
<0.01 
<0.001 
±SE = Standard Error; n = no. of rats. 
followed by BS (1.36 fold), SPC (1.32 fold) and CBL 
(0.6 fold). 
4.7 Protein: 
Table 20 showed that the AIP toxicosis led 
to significant decrease in the total protein conte-nts of 
CBM (-26.62%), CBL (-23.65%), BS (19.70%) and SPC 
(-17.52%). 
4.8 Acetylchol inesterase (AChE): 
AIP toxicosis was found to induce significant 
inhibition of AChE (Table 21) Depletion of AChE was 
observed maximum in SPC (-28.75%) followed by BS (-
26 23%) and CBL (-22.43%). 
Trends of two way ANOVA revealed that all the 
variations, between various regions as well control and 
treated rats (p<0.05) were significant. 
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Table 20 
Alteration of levels of Protein in different regions 
of the rat CNS after the exposure to Aluminium 
phosphide (10 mg/Kg.b.wt, orally) daily for 7 days. 
The levels of Pro te in (mj 
Regions 
CBM 
CBL 
BS 
SPC 
Control 
Mean 
89.900 
94.620 
70.960 
69.896 
±SE 
3.100 
4.380 
4.680 
2.906 
g/g weight of wet t i ssue) (n=6) 
Treated 
Mean 
65.960 
72.260 
56.980 
57.650 
±SE 
2.800 
3.090 
2.960 
2.700 
% Change 
-26.62 
-23.63 
-19.70 
-17.52 
pValue 
<0.001 
<0.01 
<0.05 
NS 
±SE = Standard Error; n = no. of rats; NS = not significant. 
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Table 21 
Alteration of the activity of AChE in different regions 
of the rat CNS after the exposure to Aluminium 
phosphide (10 mg/Kg.b.wt, orally) daily for 7 days. 
AChE activity (urn acetylthiocholine iodide hydroh/sed/min/mg protein (n=6] 
Regions 
CBM 
CBL 
BS 
SPC 
Control 
Mean 
3.215 
1.021 
2.985 
1.986 
±SE 
0.070 
0.05 
0.03 
0.022 
Treated 
Mean 
2.801 
0.792 
2.202 
1.415 
±SE 
0.040 
0.025 
0.080 
0.030 
% Change 
-12.83 
-22.43 
-26.23 
-28.75 
pValue 
NS 
<0.01 
<0.001 
<0.001 
±SE = Standard Error; n = no. of rats; NS = not significant. 
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DISCUSSION 
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5.1 Open Field Behaviour (OFB): 
The present study show remarkable changes in the 
OFB of the A1P treated rats. Significant day to day 
depletion was noticed in the scores of OFB parameters, 
i.e. ambulation, preening and rearing. 
Ambulation and rearing are known to be horizontal 
(simple) and vertical (complex) stereotype respectively 
(Gupta and Holland 1972). Decrement of ambulation 
(table-1) and rearing (table-3) scores can therefore be 
correlated with the increment of MAO activity (table-16) 
as found in my study, as MAO is the main modulator of 
stereotype behaviour (Kulkarni and Dandiya, 1972). 
Rearing is also indicative of cortical stimulation (Lat, 
1965), while preening response has been described as a 
behavioral correlate of corticall stimulation (Gupta et 
al., 1971). Depression of preening score (table-2) can 
therefore be related to the decrement of cortical 
stimulation, i .e . rearing. Our results are further 
supported by the findings of Naqvi and Hasan (1991b), 
showing depletion in the OFB parameters alongwith 
decrease of brain monoamines following intoxication of 
d imecron, a o rganophospha te pes t i c ide . The dose 
response sings of A1P toxicosis, viz dribbling of saliva 
from mouth, tachyphnoea, restlessness and lethargy are 
also in agreement with decrease in the OFB parameters. 
Remarkable protection against the OFB change was 
observed following simultaneous treatment with a-
Tocopherol (v i tamin-E) alongwith A1P, scores of 
ambulation, preening and rearing, figure 1,2, and 3 
respectively showed no significant alteration throughout 
the seven days of treatment. This protection is well 
supported by the A1P induced increment of MAO ( F i g l 6 . i ) 
with the protection against behavioral changes. 
A1P pes t i c i de ( fumigant) have been s tudied 
regarding their cardiovascular, renal and respiratory 
effects on the non-target organism as well as dealing of 
clinical cases, which were admitted in hospitals. No A1P 
study has been reported on CNS and very little literature 
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is avai lable, . ; - - on the neurotoxicity of A! 
(Qickphos, Celphos). 
My p r e s e n t s tudy d e m o n s t r a t e s r eg ion 1 
heterogeneity not only related to the effects of A1P on 
various neurochemical and neurobehavioral paramet-oy^, 
but also in the extent of these adverse effects OTD 
different parts of the brain and spinal cord. It is 
noteworthy that the brain is a heterogeneous organ, more 
correctly; it is collection of many diverse organs ratker 
than a single entity (Hertz, 1969). This heterogeneity is 
of great importance in the evolution and interpretation 
of the b iochemica l and b e h a v i o r a l f ind ings . To 
unders tand the neurotoxici ty of A1P a numbe of 
different parameters were used. The lipid profiles. (Total 
l i p ids , cholesterol) , lipid peroxidat ion and LHPO. 
sulfhydryl group (-SH), ant ioxidant enzymes (SOP, 
GSH, GSHPx, GST), MAO, nucleic acid (DNA and RNA) 
and acetyl cholinestrase activity were evaluate in ihe 
different regions of the CNS of albino rats. The 
protective effect of vitamin E (a-Tocopherol) on so-me 
biochemical parameters was also studied. 
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5.2 Neurobiochemical Changes: 
5.2.1 Brain Lipids: Effect of AIP: 
The brain lipids in the different regions of the CNS 
form an i m p o r t a n t par t of n e u r o b i o c h e m i c a l 
inves t iga t ions . The vertebrate CNS is r ichest in 
cholesterol , sphingolipids, and glycerophospholipids. 
Lipids play a vital role in both the structure and function 
of neuronal membrane. 
In the present study we found decrement of total 
lipid, cholesterol, enhancement of lipid peroxidation and 
LHPO in the different region of brain and spinal cord 
following the administration of AIP solution (by gavage, 
daily for 7 days). Todate no literature is availabe on the 
dose r e l a t ed changes of the CNS fol lowing AIP 
neurotoxicity. 
Ordy and Kaack (1975) and Bourre et al, (1990) 
have described brain lipids which in turn, play a role 
in modulating the cell structure and function of its 
biomembranes. Lipids are major consti tuents of myelin, 
and also constitute structural elements of the plasma 
membrane. Myelin metabolism may be affected by a 
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variety of toxic agents. These disturbances caused 
e f f e c t s d irect ly on myel in forming c e l l s , or 
d e m y e l i n a t i o n may be s e c o n d a r y r e s p o n s e to a 
dis turbance of neuronal metabolism. Myelin sheaths and 
the neuropil account for much of the brain lipids (Robins 
et al., 1956) Alterations in the lipid metabolism may be 
due to the changes in the rate of anabolism, catabolism 
or both, These processes are regulated by the activities 
of appropriate enzyme systems (Horakova and Steenken, 
1994). 
5.2.2 Total Lipids: 
Total l ipids of brain showed A1P dependent 
d e p l e t i o n in di f f e rent r e g i o n s of the ra t - CNS 
i n v e s t i g a t e d . Most affected par t of the brain is 
cerebellum where maximum depletion was found. This 
can be very well explained on the basis of the findings 
of Majno and Larnovsky (1955), who reported perturbed 
lipid synthesis in the brain after organophosphate 
administration. Diminuation of total lipids suggests a 
possible increase in the degradation of lipids, as evident 
by the increased rate of lipid peroxidation and lipase 
ac t iv i ty following organophosphate neurototoxici ty 
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(Islam, et al. 1983; Tayyaba and Hasan 1985, Hasan and 
Khan 1985; Vadhwa and Hasan 1986; Naqvi, et al. 1988; 
Milan and Zuzana, 1996; Masayuki, et al. 1996). Ham 
and Rose (1969) have suggested that changes in the 
lipase activity may be an important factor contributing 
to perturbed plasma lipid levels. Furthermore, the 
decrease in total lipid contents in different regions of 
CNS of the rat. irrespective of their regional variations, 
can be explained on the basis of the observation of Caley 
and Jenson, (1973), who detected inhibition of lipase 
activety following OP administration. 
5.2.3 Cho le s t e ro l : 
The high concentration of cholesterol seems to be 
characteristic of CNS. It occurs in white matter in 
amounts exceeding those in gray matter (Brante, 1949). 
It is the characteristic lipid of myelin sheath. About 70% 
cholesterol of the brain is present in the myelin 
(Dobbing, 1963). The constant amount of cholesterol in 
the brain suggests that the sterol is metabolically stable 
and is thus removed from the normal dynamic exchange 
process common to almost all other body constituents 
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(Waelsch et al. , 1940). Radioactive isotope studies 
performed by Dawson (1954), show that both lipid fatty 
acids and phospholipids, respectively are metabolically 
more active than cholesterol in rat brain. 
Dose dependent iv^tition of cholesterol level is 
observed in all the different regions of the rat CNS 
following chemical stress. These observations were 
supported by the earlier studies of Prasada and Ramana 
( 1 9 8 4 ) ; and Gupta, A. (1992) . The decrement in 
cholesterol level can be explained on the basis of either 
its increased synthesis or decreased. This is well in 
agreement with the A1P induced decrease in the content 
of cholesterol in various regions of the CNS. 
5.2.4 Lipid Peroxidation: 
Lipid peroxidation, being the basic mechanism of 
destruction of usaturated fatty acid chains in biological 
membranes, is maintained in the organism on a required 
level by a contribution of several controlling factors. The 
peroxidation of endogeneous phospholipids in biological 
membranes has long been thought to be the basis for a 
variety of toxicological phenomenon. For example. Lipid 
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peroxidation has been implicated in the damage to cells 
that results from their exposure to air pollut ions, 
chlorinated hydrocarbons, oxident haemolytic agents, 
ethanols and even organophosphates. Lipid peroxidation 
appears to be a phenomenon that reflects free radical 
events associated with biological membranes , which 
contain most of the polyunsaturated fatty acid-containing 
lipids in animal tissues (Goldstein, et al. 1993). The 
b ra in h o m o g e n a t e has a p p a r e n t l y the n e c e s s a r y 
unsaturated fatty acids and the catalysts for peroxidation 
in the architecture of the cell itself which are readily 
available for reaction with molecular oxygen to undergo 
lipid peroxidation. Peroxidation involves the direct 
reaction of oxygen and lipid to fxytm free redical 
intermediates and to produce semistable peroxides. 
Kartha and Krishnamurthi (1978) reported that among 
the different tissues from normal rat the brain showed 
considerably higher peroxidation. 
In present study we found that toxicosis with A1P 
caused significant enhancement of lipid peroxidation in 
different regions of brain and spinal cord. This 
enhancement can be supported by the findings of Hasan 
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and All (1981) Masayuki, et al. (1996) and Stefek, et 
al. (1992) disclosing increment of the rate of lipid 
peroxidation following administration of OP dichlorovos 
(Naqvi et al., 1988). The MDA level was increased in 
blood serum (Chugh et al., 1992). LPO rate was also 
increased with the treatement of Quinalphos ( Vijaya 
Kumar T.S., 1994 ). Elevation of lipid peroxidation can 
also be correlated with depletion of T-SH groups 
content in the different regions of the brain and spinal 
cord following dimecron toxicity (Naqvi and Hasan, 
1991), because it has been suggested that decrement of 
sulfhydryl groups may lead to deficient degradation of 
lipid peroxides in the tissue ( Tappel, 1970). 
5.2.5 Effect of Vitamin E on the Rate of Lipid 
Peroxidation Following the Administration of 
AIP: 
Although Vitamin E is well established as- a fat 
soluble scavenger of lipid peroxyl radicals, protecting 
biological membranes from peroxidation ( Diplock, 
1985), its storage in association with body lipids and its 
possible function as a biological antioxident suggest that 
a close relationship exists between vitamin E and various 
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phases of lipid metabolism. The antivitamin E activity 
of organophosphates has been questioned (Green and 
Bynyan, 1969; and Goyer et al., 1970). Some have 
proposed that tri-ortho cresyl phosphate (TOCP) merely 
reduces the absorption of vitamin E from intestinal 
tract, thereby accounting for the lowered blood level of 
vitamin E characterist ic of TOCP poisoning (Myers and 
Mulder, 1953). Findings of Shull and Cheeke (1973) 
indicate that the administration of TOCP may influence 
the u t i l i z a t i o n of v i t amin E, in g r o w i n g r a t s , 
supplementation with vitamin E prevented the growth 
cessation caused by feeding TOCP. Similarly, in the 
present study, rats that had ceased growing following 
AIP administration responded with renewed growth and 
s i g n i f i c a n t w e i g h t ga in when v i t a m i n E was 
administered. 
The role of vitamin E as a biological antioxidant 
and its interrelatonships with some phases of lipid 
metabolism, point to Hs possible involvement in certain 
enzyme systems in the body. It has been suggested that 
the clinical manifestations of vitamin E deficiency result 
from the action of lipid peroxides on sulfhydryl groups 
163 
of various enzymes, thus inhibiting their activity. 
A significant body of evidence indicates that the 
primary if not the sole, function of vitamin E in 
metabolism is that of an "in vivo'' lipid antioxidant. 
Probably the most direct evidence to substantiate this 
theory is that lipidperoxides have been found in the 
t issues of vitamin E deficient animals (Dam and 
Granados, 1945). It is assumed that vitamin E acts as 
an "in vivo" lipid antioxidant, protecting unsaturated 
fatty acids in tissue lipid against peroxidation. The 
chemical process of peroxy free-readical reaction, with 
an antioxidant (vitamin E) to terminate the reaction 
chain is defined as follows: 
LOO* + Vitamin E > LOOH + Vitamin E 
peroxy free radical Oxidized 
Bieri and Anderson (I960) suggested that each 
t issue has an "an t iox igenic potent ia l" which was 
determined by a balance between factors promoting 
peroxidation and by those exerting an antioxidant action. 
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According to Combs et al. (1975) and Meydani et 
al. (1993) at least two systems are important for 
uncontrolled lipid peroxidation. These systems rely on 
selenium and vitamin E, respectively and form the basis 
for the hypothesis concerning the antioxidant functions 
of these nutrients (Combs et al., 1975). It appears likely 
that a similar mechanism operates in the AIP induced 
increase rate of lipid peroxidation was observed in the 
present study and its protection by vitamin E. 
The peroxidative changes triggered by free radicals 
in brain fatty acids and phospholipids may be of 
importance in the development of brain cell damage. 
Free radicals are constantly being formed in various 
reactions essential for aerobic life. The best studied 
effect of free-readical attack is that causing lipid 
peroxidation i.e. oxidation of methylene bridges of 
unsaturated fatty acids, resulting in the formation of 
lipidperoxides and hydroperoxides, finally leading to 
fragmentation of lipids. Vitamin E (a-Tocopherol) is 
known to stabilize plasma membranes (Porta et al., 1968; 
Gey et al. 1991) as well as lysosomal (Brown and 
Pollocle, 1972) and also mitochondrial membranes (Frigg 
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and Rohr, 1976). In the present invest igations the 
administration of a-tocopherol alone caused significant 
reduction of the rate of lipid peroxidation, and in 
combination with AIP. prevented the increase of lipid 
peroxidation 
5.2.6 Sulfhydryl Groups (-SH): 
To date, no report is available on the estimation of 
sulfhydryl groups in different regions of rat brain 
following AIP administration. Sulfhydryl groups are 
known to act as active enzymatic sites (Hoch and Vallee, 
1959). Sulfhydryl enzymes have been observed to be the 
most s u s c e p t i b l e to l i p id , p e r o x i d a t i o n i n d u c e d 
inactivation (Chio and Tappel, 1969). Glutathione (GSH) 
has been reported to play a protective role against free 
radical-mediated peroxidative damage (Stokinger and 
Coffin, 1968; Little and O'Briene, 1968; Delucia et al., 
1972; Chow and Tappel, 1972). GSH which is a potent 
nucleophile is involved in conjugation reactions which 
are important for detoxication against electrophil ic 
toxicants (Chasseaud, 1980). This conjugation reaction 
between -SH group of glutathione and the toxic 
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compound has been reported to be catalyzed by an 
enzyme glutathione-s-transferase (GST) (Habing et al., 
1974; Al-Turk et al., 1987). 
The concentration of glutathione of tissues has 
been reported to correlate positively with the longevity 
of the organisms (Long et al., 1989: Sohal et al., 1990; 
Masayuki, et al. 1996; and Cutler, 1991). GSH protects 
cells from the toxic effects of reactive oxygen species 
or peroxidative damage (Little and 0 ' Brien, 1968; Chow 
and Tappel, 1972) and participate in the preservation of 
thiol disulfide status of protein (Sohal et al., 1990 and 
Meister. 1988). 
The present study indicates significant depletion in 
the concentration of T-SH (Table-8) in all the CNS 
regions following AIP intoxication. Sulfhydryl group is 
essential for the function of a number of enzymes and 
proteins. 
Free sulfhydryl group (GSH) inhibition (Table-9) 
were also observed in different parts of brain and spinal 
cord with toxicosis of AIP. This depletion is correlated 
with the study of , Hazeltan and Lang, (1980) on 
mammalian tissues. 
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In 1990, by Sohal et al., demonstrated that the GSH 
levels has been decreased in developing brain of rats. 
GSH may be the key factor in lowering reducing 
potential which occurs in senescent tissue. In support of 
th i s argument is the evidence that cel lular GSH 
concentration may have a profound regulatory effect on 
the activity of pentose phosphate cycle enzymes (Hosoda 
and Nakamura, 1970). These results indicate a decrease 
in the 'de novo' synthesis of GSH from amino acids and 
a concomitant increase in GSSG (Thompson, 1992). 
Overall the depletion of GSH pool results in dysfunction 
of the oxidat ive defence mechanisms. Parallel to 
decrease in the GSH levels, we observed an increase in 
the level of lipid peroxides, lipid hydroperoxides in 
different regions of CNS. 
The concentration of oxidized glutathione (GSSG) 
was elevated significantly in different regions of brain 
and spinal cord followed by AIP toxicity (Table-10). 
These results are in agreement with the observation of 
Oeriu and Tigheciu (1964) and Barlo-Walden et al. 
(1995), who reported that the elevation of GSSG due to 
autoxidation of age factor. 
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5.2.7 S u p e r o x i d e D i s m u t a s e ( S O D ; 
S u p e r o x i d e : S u p e r o x i d e o x i d o r e d u c t a s e , 
E X . 1 . 1 5 . 1 . 1 ) : 
It is the first enzyme of the scavenger enzyme 
series to ameliorate the damage caused in the cells by 
free radicals (Slater, 1984). 
Present study results showed significant changes in 
enzyme activity, with AIP intoxication. SOD activity, was 
found to be depleted in differnet regions of brain and 
spinal cord • of the rat (Table-12). The results are in 
accordance with the report of Danh et al. (1983) & 
Mizuno and Ohta (1986). Superoxide dismutase activity 
is universally present in respiring cells. The SOD 
activity is said to be a natural defence mechanism 
against oxidase damage to the tissue (Fridorich, 1975). 
Recen t ly from our l abo ra to ry f o r m a t i o n of 
superoxide radicals after chemical stress, a realtively 
was 
higher decrease in SOD activity I detected (Naqvi and 
Hasan, 1992). 
To date, no report is available on the effect of SOD 
activity after toxicosis of AIP. However, AIP has been 
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r e p o r t e d to e n h a n c e the l i p i d p e r o x i d a t i o n and 
degreda t ion of brain l ipids. SOD is known to protect 
against pe rox ida t ive damage and dep le te -SH groups 
(Naqvi and Hasan 1991a). This is also in concordance 
with the d iminut ion of SOD act iv i ty in b lood serum 
(Chugh et al . , 1992). 
V i t a m i n E (cc -Tocophero l ) , h o w e v e r , r e v e a l e d 
r emarkab le p ro tec t ive effect again t i nh ib i t ion of SOD 
act ivi ty (F ig l2 . J ) . Combined admin i s t r a t ion of vi tamin E 
and AIP showed signif icant p ro tec t ion of SOD activity. 
On the other hand the activity of SOD inc rea sed by 
vi tamin E adminis t ra t ion alone. In t e r e s t i ng ly , in our 
laboratory pro tec t ion of lipid p e r o x i d a t i o n with 
vitamin E agains t metasys tox i n t o x i c a t i o n in 
different reg ions of CNS. (Tayyaba and H a s a n , 1985), 
which also suppor t s our f indings. 
5.2 .8 G l u t a t h i o n e R e d u c t a s e ( G R ; N A D P H : 
O x i d i z e d G l u t a t h i o n e O x i d o r e d u c t a s e , 
E . C . I . 6 . 4 . 2 ) : 
GR ca ta l izes the production of GSH from GSSG, 
which a c c u m u l a t e s in the ce l l s after t h e ca ta ly t i c 
reduct ion of oxida t ive metabol i tes . R e d u c i n g potencial 
of the cel ls is maintained by g l u t a t h i o n e reduc tase 
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(Mantero et al., 1988 ). Present study results reveals 
that the GR activity was highest in( ja t cerebellum 
(Table - 13 ) following A1P toxicosis. These observations 
are in line with stohs et al., (1984), who reported higher 
GR activity and GSH content in erythrocytes from young 
aged humans followed by a considerable decline leading 
to senescence . This declin to the increased lipid 
peroxidation (Kotah, et al., 1989). GR activity increased 
in brain of rat and mice (Hothersall et al., 1981; Kanh, 
et., 1983 and Tayarami, et al., 1989), but Kellogg and 
Fridorich (1976), Mizuno and Ohta (1986) and Cand and 
Verdetti (1989) observed no change in the activity of 
GR. GR activity can be easily correlated with 
the decrease in GSH, increase in GSSG levels and GSSG/ 
GSH ratio. The available data strongly suggest that free 
radicals are produced during chemical stress by AIP 
intoxication. 
Activity of GR is elevated after the treatment ofvitfrmin 
CNS of rat. GSH level was also increase with the vitamin 
E treatment. Hence, the observed a-Tocopherol induced 
increase in GR activity may be due to an elevation of 
GSH levels and depletion of lipid peroxidation. 
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5.2.9 GIutathione-S-Transferase (GST; EC.2.5.1.1C): 
GST of aerobic organisms is being hypothesized to 
have a pivotal role in the detoxification of oxyradicals 
and their products (Mannerrick and Danielson, 1988). It 
represents an important class of xenobiotic metabolising 
enzymes (Mukhtar et al., 1981). There are various 
isoenzymes of GST and each form may have specific 
substrate (Lai and Tu, 1986). According to Dixit et al., 
(1981). GST has been shown to be present in the 
mammalian and avian brain, besides its wide distribution 
in the body tissues. Brain GST has been reported to play 
an important role in the detoxification of potential 
t o x i c a n t s t h r o u g h t h e i r c o n j u g a t i o n and 
biotransformation (Boyland and Chasseaud, 1969; and 
Kubota et al., 1985). 
In brain the activity of GST was observed to be 
much higher than other antioxygenic enzymes and hence 
it may have a prominent role in scavenging oxyradicals 
and their products. In the present investigation the 
results showed A1P induced reduction of GST in various 
regions of rat CNS. Bolyand and Chasseaud (1969), who 
repor ted that g r ea t e r accumula t ion of the toxic 
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compound may inhibit the activty of GST. 
The present study results also indicate that GST 
activity increases after the administration of vitamin E. 
Recently, from our laboratory it was reported that after 
chemical stress, GST was decreased while the citiolone 
treatment enhance the GST activity (Naqvi and Hasan, 
1991a). 
5.2.10 Glutathione Peroxidase (GSHP; NADPH: 
Oxidized; G l u t a t h i o n e o x i d o r e d u c t a s e , 
E .C.I .11 .1 .91) : 
Oxidative damage in biological t issues of aerobic 
cells may be causeidue to the production of peroxides 
by activated oxygen GSHPx, a selenium dependent 
enzyme, metabolizes these hydroperoxides and products 
of cell membrane from peroxidative damage (Mc Cay et 
al., 1981; Glohe, 1982 ). The activity of GSHPx is , . 
highest in brain areas having catecholaminergic neurons. 
Cohen (1983) reported that the defence against 
production of H202 by monoamine oxidase. Recently, 
another form of GSHPx, phospholipid hydroperoxide 
glutathione peroxidase (PHGPx) was reported, which is 
also se l en ium dependent e n z y m e , detoxify, ' the 
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membrane bonded phospholipid h y d r o p e r o x i d e s (Zhang , 
et al . , 1989; Thomas , et al . , 1990 ). 
The r e su l t s of present s tudy ind ica t ed that the 
act ivi ty of GSHPx was depleted with A1P tox icos i s 
( tab le - 14). Regional dis t r ibut ion of the GSHPx act iv i ty 
is also in concordance with earl ier r epor t s (Brannan . et 
al . . 1980; Ansar i et al. , 1989 ).The inh ib i t ion of GSHPx 
activi ty due to the passage of t ime and r e s t r a in t may 
p r e d i s p o s e b ra in tissues have a high r a t e of oxygen 
consumpt ion , peroxides are formed by the amino ox idase 
enzymes (Kapl le r -Adler , 1974). GSHPx ac t iv i ty is also 
cor re la ted with the lipid peroxida t ion p r o d u c t s . 
i>u«.-toAntioxidant effect of vitamin E the GSHPx act iv i ty 
was e leva ted in different regions of rat b ra in and spinal 
cord. (Figl4..1) while the levels of l ipid pe rox ide and 
hyd rope rox ides were decreased. 
5.2.11 Monoamine Oxidase (MAO; E.C. 1.4.3.4; Outer 
membrane enzyme of mitochondria): 
Monoamine oxidase plays an impor tan t role in the 
metabol ism of biogenic amines and on the behaviour 
(Sgel ler berger and Walaszee, 1972 and Chase and 
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Murphy 1973). It is involved in the e n z y m a t i c 
deamination and subsequent degradation of amines and 
results in the formation of H202 (Cooper, et al., 1978). 
The concept of two functionally dis t inct forms of 
monoamine oxidase were gained wide acceptance in last 
two decades (Houslay et al., 1976; Holzbauer and 
Youdm, 1977; Tipton and Delia corte, 1979). Type UA" 
of MAO deaminates neuro t r a n s m i t t e r amines of 
catecholaminergic systems (5-HT and NA), whereas type 
"B" oxidizes benzylamine and B-phenylethyla.mine. 
S u b s t r a t e s such as tyramine and t r y p t a m i n e are 
determined by both forms of MAO (Houlay et al., 1976). 
In the present study no attempt was made to differentiate 
the activity of two isoenzymes, MAO "A" and MAO "B". 
Benzylamine hydrochloride was used as a substrate in 
this study. MAO activity reported, increasing trend in all 
brain regions and spinal cord with the intoxication of 
A1P administration. The results of the present study are 
4 
in accordance with the earlier reports. The increase in 
MAO activity was observed despite the decrease in the 
level of GSH and GR increase in lipid peroxidation 
products. 
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In 1 9 9 1 , Naqv i and Hasan r e p o r t e d r e g i o n a l 
a l tera t ion tn the monoamine oxidase ac t iv i ty fol lowing 
the adminis t ra t ion of dimecron. They showed that MAO 
act ivi ty was increased after chemical s t r e s s . 
A remarkab le v i tamin E-induced p ro t ec t ion against 
the MAO act iv i ty e levat ion was noticed in all the regions 
of brain and spinal cord (Figl.6»l.) The ac t iv i ty of MAO 
was repor ted to be near the central values in the CNS 
regions of ra ts sub jec ted to s imul taneous t r ea tmen t of 
vi tamin E and AIP. This protect ion may be the resul t of 
de toxica t ion agains t metasys tox neuro tox ic i ty by vitamin 
E; a potent an t iox idan t which has been r epor t ed to 
protect aga ins t adverse effects of me tasys tox on brain 
and spinal cord (Tayyaba and Hasan, 1985) . 
5 .2 .12 N u c l e i c A c i d s 
The AIP i n t o x i c a t i o n was r e p o r t e d to induce 
signif icant pe r tu rba t ions in the levels of nuc le ic acids 
viz -deoxyr ibonuc le ic acid (DNA) and r ibonuc le ic acid 
(RNA) in var ious reg ions of the brain and spinal cord. 
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5.2.12.1 Deoxyribonucleic Acid (DNA): 
S i g n i f i c a n t d e p l e t i o n was o b s e r v e d in t he 
concentration " * . . ' - - - . -
of DNA in various regions of CNS after toxicosis with 
AIP administration (Table-17). DNA seems particularly 
plausible as a critical target in developing because of the 
central role of DNA in information transfer between 
generations of somatic cells. It was shown that different 
regions of the brain have different DNA concentrations. , 
with the maximum in cerebellum. The findings are in 
agreement with the observations of May and Grenell 
(1959). 
The found out DNA contents in various CNS 
regions , thereafter, might be due to AIP induced 
perturbation in the metabolism of DNA, in addition to 
the degenerative changes. 
5.2.12.2 Ribonucleic Acid (RNA): 
In contrast, however, the response of RNA towards 
AIP poisoning was entirly different from that of DNA. 
The RNA levels showed a significant increment in all the 
CNS regions of rat (Table-18). 
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This increases of RNA concentrat ion may be 
explained on the basis of the suggestion of Heath (1961), 
t h a t d e m y e l i n a t i o n , an i m p o r t a n t fu ture of 
oganophosphate poisoning, resul ts in the increased 
p r o d u c t i o n of RNA. I n t e r e s t i n g l y , it has b e e n 
demonstrated that the synthesis of RNA increases due to 
damage of neurons (Mcllwain and Bachelard, 1971). 
Our results are in agreement with previous reports 
from our laboratory showed the elevation of RNA in 
various regions of CNS after chemical stress (Hasan, et 
al. . 1979b; Tayyaba, et al., 1981 ; Naqvi and Hasan, 
1992). The elevation of RNA levels is generally 
associated with the improvement in protein synthesis or 
tissue function (Prosser, 1969) as well as diminished 
svnthesis of RNA. 
5.2.13 Protein: 
The total protein levels were significantly depleted 
in all the different regions of brain and spinal cord with 
AIP intoxicated rats (Table-20). The present study 
results were in agreement on the basis of the suggestion 
of Hyder and Lange (1972), that increased neuronal 
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activity on inhibition t$f- protein synthesis. 
According to Ahmad, et al., (1978) the decrement of 
prote in was due to increased pro teo ly t ic ac t iv i ty 
necessiated by greater energy demands under toxic 
stress. 
Moreover, reduction of protein can be correlated 
well with DNA loss. Bergen, et al., (1974) have also 
correlated elevated RNA levels with increased 
utilization of protein, which also supports the A1P-
induced depletion of protein. Free amino acids in the 
brain are known to be involved in a number of metabolic 
process. Hence the increased demand for amino acids 
possibly may induce the break-down of proteins, as 
suggested by Neame (1968). 
Previous reports on protein depletion from our 
laboratory (Tayyaba. et al., 1981), reported 
diminition of proteins in CNS of rats intoxicated with 
metasystox. Similar results were obtained in the regions 
of fish brain and spinal cord, following dichlorvos 
(Vadhava, 1989). Methyl parathion has also been found 
to decrease the brain proteins (Khan, 1989). All the 
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Wi-tVi 
f indings correlatej^the p resent study results. 
5.2.14 A c e t y l c h o l i n e s t e r a s e ( A C h E ; A c e t y l c h o l -
inehydrolase , E.C.3.1.1.7): 
AChE is r ega rded as a tool for quant i f ica t ion of 
OP- induced effects (Voss , 1968). Inhib i t ion of ChE ' s 
caused by O P ' s po i son ing has been not iced in detail 
ear l ier but no r epo r t s have been avai lable toward AIP 
poisoning and also mode of action of AIP. The mode of 
action of O P ' s in ve r t eb ra t e s is general ly r ega rded as 
disrupt ion of nerve impulse in the CNS and PNS due to 
the inhib i t ion of ChE and consequent accumula t ion of 
ACh at synapses (Coppage and Mat thews . 1975). The 
resul t ing d i s t u r b a n c e s in e lect rophysiology cause loss of 
muscular coo rd ina t i on , induct ion of convu ls ions and 
ul t imately dea th . The present study resu l t s reveal the 
inhibi tory effect of AIP in different r eg ions of CNS 
(Table-21) . 
P r e v i o u s r e p o r t s o n ACHE. i n d i c a t e d the 
inhibi tory ac t ion of para th ion in rat brain (Du Bois, et 
al . , 1949; Emsley, et al . , 1976; and Fiscus and Van 
Meter, 1977) . The decrease in the levels of brain 
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monoamines^ (Naqvi and Hasan 1991b), Who also 
endorses the[AChE reduction (Naqvi and Hasan, 1991c). 
^Brzezinski (1978) and Brzezinski and Paruszewska 
(1980) have also repor ted decrease in 1 the bra in 
neurotransmittersUncrease in the content of acetylcholin 
(ACh), \. e. i* also consistent with the depletion of 
AChE. Here also reported inhibitory effect of paraoxon. 
a metabolite of parathion, was found to achieve quick 
inhibition of the activity of ChE in the brain (Holmstedt, 
1959 and Matin, 1974). This is also consistent with our 
findings iw the animals treated with AIP solution. 
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